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Today, companies are under intensive competition more than ever. They are compelled to 
develop incremental products for current users’ needs and explore radical products for the 
future. Thus, it is important to identify how to manage incremental and radical innovations in 
balancing acts. This research addresses the patterns of incremental and radical innovation in 
product characteristics, product development process, design requirements and impacts, as 
well as collaboration within Singapore design-driven enterprises. This study identifies the 
associations between the incremental and radical innovation, as well as offers an insight on 
how to manage and operate product design and innovation successfully. 
This study is exploratory and adopts a qualitative research methodology, i.e. case studies. Six 
cases were undertaken through in-depth interviews with company’s senior designers or design 
project managers, documentation analysis and product design comparisons. The essential 
qualitative case description led to the development of a visual-designed pattern for the ease of 
understanding the two innovation models. 
The research findings demonstrated that:  
• Incremental innovation and radical innovation have different objectives in business 
strategic directions. Incremental innovation is for profit and revenue while radical 
innovation is to explore new market potential and boost brand image.  
• Products resulting from incremental innovation and radical innovation possess very 
different characteristics. Incremental innovation involves redesign and upgrading that is 
always technology-oriented, while radical innovation could either be design & 
creativity-oriented or new technology –oriented.  
• Most of the companies share a similar general process with incremental and radical 
innovation, but the contents and emphasis are different. Radical innovation focuses on 
research phase (fuzzy front end) with a more iterative and concurrent process than that of 
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incremental innovation.  
• In radical innovation, designers take on the role of a leader and participator, and they are 
required to possess four levels of knowledge: basic operations & skills, tacit knowledge, 
design strategic knowledge and visionary capabilities. Incremental innovation and radical 
innovation requires different aspects of design knowledge.  
• Most Singapore companies have their own research capabilities and only seek to 
collaborate in the engineering and manufacturing aspect to reduce cost, risk and acquire 
new technologies.  
The research findings suggest that, besides incremental innovation, companies should 
recognize radical innovation as a weapon to create new market and boost branding. Radical 
innovation involves great manpower and requires managers to operate in a more flexible way 
due to its high uncertainty of market and technologies. Design plays critical role in the whole 
product innovation process, which requires design students to be trained in a holistic manner 
to gain broad and integrative knowledge and skills during their academic education required 
for their future design work. 
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1. AN INTRODUCTION TO THE THESIS 
 
1.1 Introduction  
This chapter aims to provide an introduction to the area of the research and an outline of the 
thesis structure. The focus of the thesis is to identify the patterns of the incremental and 
radical innovation in Singapore design-driven enterprises, in relation to the design 
characteristics of the innovative outcome, the process of innovation, design involvement and 
impacts, and external collaboration within the innovations. This chapter is divided into four 
parts: 1.) issues surrounding the product design and innovation, 2.) the focus of the study, 3.) 
research aim and objectives, 4.) outline of the thesis structure. 
 
1.2 An introduction to the issues related to product design and 
innovation  
There is a growing consensus that design and innovation are essential to sustain competitive 
advantage and ensure long-term success through bringing new products to the customers fast 
and efficiently (Gemser & Leenders, 2000; Kaplan, 2003; Von Stamm 2003). However, 
managing innovation is not an easy task. Companies are compelled by intensive competition 
pressure to develop incremental innovative products for current user’s needs and explore 
radical innovative products for future (Boer & Gertsen, 2003). The nomenclatures associated 
with incremental and radical innovation were proposed as early as in 1960’s (Robertson, 
1967). Past studies only focused on either incremental innovation or radical innovation 
individually in the aspects of product development process, design investment, marketing and 
organizational structure, etc (Veryzer, 2005; O’Connor, 1998; Bessant et al, 1994). It is 
unclear whether there is any association between the patterns of incremental and radical 
innovation and whether these two innovation models can be operated in the same way. Design 
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as an innovation tool was emphasized by scholars and practitioners that it relates not only to 
aesthetics, but also to other aspects such as human factor, ease of manufacture and product 
performance. For example, Philip and Alexander (1984) described design as a potent strategic 
innovation tool to enhance products, environment, communications, and corporate identity. 
Bruce and Bessant (2002) indicated design is a facet of both incremental and radical 
innovation. In addition, innovation alliance and collaboration as a strategic police in product 
development were widely adopted recently. Chesbrough (2006) defined it as “open 
innovation” and suggested firms could and should use internal ideas as well as external ideas. 
Many other scholars also agreed that alliances, outsource and partnerships with other 
companies, institutions and universities are the essential source in the innovation process 
(Freeman, 1991; Quinn, 2000; Huston and Sakkab, 2006). So it is essential to determine three 
important but unclear issues: innovation process and its outcome, design involvement & 
impacts and collaboration in the incremental and radical innovation, for in-depth 
understanding on how to manage these two innovation models effectively and successfully, 
which will be a good contribution for today’s product innovation theory framework.  
The research is conducted by using multiple case studies. Data will be collected through 
interviewing R&D managers and industrial designers, and other relevant documents. The 
findings and discussion of case studies will be presented in Chapter 4 and Chapter 5.  
 
1.3 Focus of the thesis  
The thesis focuses on developing the framework of incremental and radical innovation mainly 
associated with process, design factors and collaboration through the study of Singapore 
design-driven companies. Five issues in both incremental and radical innovation (objectives 
of innovation, product characteristics, product development process, design involvement & 
impacts, and external collaboration) will be assessed through a comparative analysis to 
identify the common and different patterns between these two innovation models. All the six 
companies selected in this case study are grounded in the Singapore-based industries and are 
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excellent in the product design and innovation. In this respect, this research reflects the latest 
patterns of design and innovation in Singapore design-driven firms. It will also serve as a 
theoretical reference for other scholars who are engaged in researching product design and 
innovation areas. 
 
1.4 Research aims & objectives  
The aim of the thesis is to provide the patterns of the incremental and radical innovation 
within Singapore context. More specifically, the thesis attempts to achieve the following 
research objectives: 
• To identify the importance of incremental and radical innovation in the business strategy. 
• To explore the orientation of incremental and radical innovation through analyzing product 
characteristics. 
• To establish the patterns of incremental and radical innovation process and identify the 
association between both of them. 
• To explore the design impacts in the incremental and radical innovation, as well as develop 
an understanding on the design knowledge requirements within such a process. 
• To gain an understanding on the use of innovation alliance and collaboration within 
innovation process 
 
1.5 Outline of the thesis  
Beside the introduction, the thesis consists of another five chapters. A brief overview of each 
chapter is as follows: 
Chapter two: literature review 
This chapter presents an overview of the product design and innovation literature and a variety 
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of other relevant literature such as business strategy, market research, and new product 
development, etc. 
Chapter three: overview of methodology 
An overview of research methodology is presented. It also explains the approach of using the 
case study method in this research.  
Chapter four: reports on the findings of the case studies 
The main findings from six cases on the patterns of incremental and radical innovation 
associated with the importance of innovation, product characteristics, process, design 
involvement and impacts, as well as collaboration are presented for future analysis and 
discussion. 
Chapter five: an analysis and discussion of the research findings  
This chapter provides an analysis and discussion based on the comparison and summarization 
of the descriptive data from the research findings. 
Chapter six: conclusions and directions for the future research 
This chapter concludes the research findings and identifies potential design and innovation 
issues emerged from this study. 
Reference and appendices will be presented at the end of the thesis. 
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2. A REVIEW OF THE LITERATURE 
 
“Tomorrow’s businesses must innovate or deteriorate. They must design or die.” 
(Janice Kirkpatrick, designer, at the launch of Design in business week, 1998) 
“Companies must innovate if they are to survive in the new millennium. 
Producing good products will no longer be enough. They must be clever, original, 
well designed and creatively marketed.” 
(Andrew Summer, CEO Design Council, Design Council, 1999) 
 
2.1 Introduction 
This chapter is to present the literature review of product innovation and other relevant fields, 
including design, new product development (NPD), and market research, etc. 
Literature on design and innovation is very diverse. This research mainly focuses on the 
comparison of the patterns between incremental and radical innovation with regards to the 
associated factors, such as design, process and external collaborative efforts. Relevant theories 
from the literature will be reviewed and presented to provide a clear picture of: 
• Concept of innovation, 
• Types of innovation, 
• Degree of innovation: incremental and radical innovation, 
• Innovation process, 
• The innovation policy: collaboration and alliance,  
• Design concept, skills and process, 
• Marketing research related to design and innovation. 
Finally, a set of research questions will be identified based on the literature review in order to 
provide the research directions for this study.  
  6
According to the content of literature review, this chapter can be divided into three parts: 
• Innovation: concept of innovation, innovation models, innovation process, innovation 
policy, and marketing research with innovation. 
• Design: concept of design, design knowledge, design process and its relation with 
innovation and marketing. 
• Summary of the main points and questions raised by the literature review. 
 
2.2 An introduction of innovation  
2.2.1 What is innovation? 
The concept of innovation is very broad and can be understood in a variety of ways. Many 
scholars have given their own definition of “innovation”. One of the most comprehensive 
definitions is provided by Myers and Marquis (1969): 
“Innovation is not a single action but a total process of interrelated sub 
processes. It is not just the conception of a new idea, nor the invention of a new 
device, nor the development of a new market. The process is all these things 
acting in an integrated fashion.” 
Harvard Business Essentials (Anon, 2003) provided a more elaborate definition: 
“Innovation is the embodiment, combination, or synthesis of knowledge in 
original, relevant, valued new products, processes, or services.” 
Most scholars including those above assumed innovation as a process focusing on the 
commercial and practical application of ideas or creativity. For example, Von Stamm (2003) 
claimed that “innovation is creativity plus implementation”. MIT professor Ed Roberts (Anon, 
2003) defined innovation as “invention plus exploitation”. For more elaboration, Trott (1998) 
argued the innovation as a management process from ideas to product launch: 
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“Innovation is the management of all the activities involved in the process of idea 
generation, technology development, manufacturing and marketing of a new (or 
improved) products or manufacturing process or equipment.” 
Gaynor (2002) shared this view and provided a simple equation of innovation: 
“Innovation= invention + implementation + commercialization” 
Based on the definitions of innovation above, it is emphasised in this study that innovation 
should be a management process that implements from the initial creative ideas to product 
commercialization. Whether or not innovation is successful depends on its positioning in 
creativity, process management and market implementation.  
Though the concept of innovation is presented, it is still necessary to clarify three terms used 
extensively and synonymously with innovation: creativity, design and invention, in order to 
help people understand innovation more clearly and explicitly. Bruce and Bessant (2002) 
compared the first 3 terms and defined them as： 
• Innovation is “the successful application of new ideas in practices in the form of new or 
improved products, services or processes”. 
• Creativity is “the ability to combine ideas in new ways to solve problems and exploit 
opportunities”. 
• Design is “the purposive application of creativity throughout the process of innovation”.  
For the comparison of innovation and invention, Trott (1998) stated that： 
• Invention is “the conception of the idea, whereas innovation is the subsequent translation 
of the invention into the economy”. 
Based on the definitions, we can see the concepts of the term “invention” and “creativity” are 
similar, however, invention is used to describe the conception of a new idea and creativity is 
linked to the ability of creating ideas. Design is the application of creativity and innovation in 
practice. 
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As mentioned earlier, innovation is considered a process by many researchers. It is also 
important to clarify the confused concepts with New Product Development (NPD) and 
Research and Development (R&D). R&D has traditionally been regarded as the management 
of scientific research and new product development (Trott, 1998). Twiss (1992) offered a 
widely accepted definition: 
• R&D is “the purposeful and systematic use of scientific knowledge to improve man’s lot 
even though some of its manifestations do not meet with universal approval.” 
• New product development “concerns the management of the disciplines involved in the 
development of new product.” 
• Innovation management is “to develop necessary conditions for innovation to occur.” 
Based on the definitions, the R&D, innovation, and NPD are overlapped in some areas, but 
the activities in innovation management are much more than R&D while activities in R&D 
are more than that in NPD. Figure 2.1 presents the association between innovation 
management and NPD. 
 
 
Figure 2.1 The framework of innovation management and NPD (Trott, 1998) 
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2.2.2 Types of innovation  
Indeed, innovation widely exists in every industry.  It is often categorised by subject nature. 
Trott (1998) indicated seven types of innovation based on subject focuses as shown in Table 
2.1.  
 
Table 2.1 Types of innovations 
Type of innovation  Definition/Example 
Product innovation The development of a new or improved product 
Process innovation The development of a new manufacturing process 
Organizational innovation A new venture division, a new internal communication system, 
introduction of a new accounting procedure 
Management innovation TQM (total quality management) systems, BPR (business 
process re-engineering), introduction of SAP R3 
Production innovation Quality circles, just-in-time (JIT) manufacturing system, new 
production planning software, e. g. MRP II ,new inspection 
system 
Commercial/marketing innovation New financing arrangements ,new sales approach, e.g. direct 
marketing 
Service innovation Telephone financial services  
Source: Trott (1998)  
 
Carr (1999) argued innovation occurred in ten categories. They are “customer experience, 
brand, channel, service, product systems, product performance, core processes, enabling 
processes, networking and business models”. He further argued that every industry has a 
different degree of focus in each innovation category above. For example, PC industry mainly 
focuses on product performance innovation while other industry categories may be relatively 
weaker in this aspect of innovation. Airline mainly focuses on service and networking 
innovation and other innovations are not robust in this area. This implies that companies 
should map its own innovation patterns and strategies to spot areas of strength and weakness. 
For this study, it focuses on the product innovation. Other categories such as service 
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innovation and production innovation are not in this research topic. Five aspects (product 
form, function, technology, material and usability) will be explored to identify what the 
innovative product characteristic is.  
 
2.2.3 Degree of innovation 
In the literature review, there are various bases applied to determine the innovativeness. 
Crawford (1994) provided three levels of innovation, i.e. pioneering, adaptation and imitation. 
Another similar base is high, medium, and low. (Kleinschmidt and Cooper, 1991) Robertson 
(1967) added time factors and classified innovativeness as: continuous, dynamically 
continuous, and discontinuous. Based on strategic directions, Freeman (1982) argued there 
were four broad innovation strategies in terms of innovativeness: offensive, defensive, 
imitative and dependent, as well as traditional and opportunist. 
Generally, two common types of innovation according to the project innovativeness, i.e. 
incremental innovation and radical innovation have been widely used in the field of 
product/technology innovation. “Continuous innovation” is sometimes used as a synonym for 
incremental innovation. For the radical innovation, terms like “discontinuous”, 
“breakthrough”, “revolutionary” have been used to show the nature of radical innovation. 
(Veryzer, 1998) In general, the definitions of incremental and radical innovation are (Anon, 
2003): 
• Incremental innovation: is generally understood to exploit existing forms or technologies. 
• Radical innovation: is something new to the world and a departure from existing 
technology or methods. 
Studies also attempted to exploit the relations between the incremental and radical product 
innovations. Harvard Business essentials (Anon, 2003) developed a theoretical timeline in 
which incremental and radical innovations take place shown in Figure 2.2.  
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Figure 2.2 An industrial timeline of radical and incremental innovation 
 
This illustration presents how progress is made through numbers of incremental innovation 
until radical innovation appears. When progress takes an abrupt leap forward (radical 
innovation), incremental innovation then resumes. Thus, radical and incremental innovations 
often operate hand in hand. 
Davila, et al. (2005) further defined these two types of innovation and provided an innovation 
matrix to explain the association between incremental and radical innovations (see Figure 2.3). 
Two dimensions were introduced by them to depict the degree of innovation. The 
“technology” dimension refers to the degree of product expanding technological capabilities. 
The “business model” dimension refers to the level of market and customer benefit. In this 
view of innovation, there are three types of innovation (incremental, semi-radical, radical) 
presented. 
Regarding the incremental innovation, the product is utilizing improved technology and 
launches to the existing market. Although they may be new, they are still not very innovative. 
The semi-radical products utilizing the existing technology to the new market or using new 
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technology to the existing market have an impact on customers in terms of product benefits or 
use. However, the most revolutionary products are those that apply the new technologies in 
the new market. Those radical products incorporate advanced technologies over long periods 
of time to enhance benefits. However, radical innovation also has several serious challenges, 
i.e. risky, expensive, and taking longer time to explore. Though incremental projects may be 
less innovative than radical, they are safer, cheaper and more likely to produce favourable 
results. That is the reason why most companies prefer incremental innovation to radical 
innovation. (Anon, 2003) 
 
 
Figure 2.3 The innovation framework (Davila, et al., 2005)   
 
Veryzer (1998) provided a similar innovation framework for incremental and radical 
innovation. In his theory, the “technological capability” and “product capability” dimensions 
are presented to delineate the various levels of innovation. Four types of innovation are 
illustrated: continuous (incremental innovation), technologically discontinuous (radical 
innovation), commercially discontinuous (radical innovation), and technologically and 
commercially discontinuous (radical innovation). 
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Figure 2.4 The innovation framework (Veryzer, 1998) 
 
Studies also explored the relations between incremental and radical innovation, as well as 
some issues with respect to innovation, such as design and marketing. Ali (1994) suggested 
the development of incremental or radical products should depend on the companies’ 
capabilities, along with the circumstances of different projects and market characteristics. He 
further indicated that the role of marketing is very different in the development of pioneering 
and incremental products. Veryzer (1998) identified radical innovation process as more 
exploratory and less customer driven, which is quite different from incremental innovation 
process. Veryzer (2005) also explored the role of marketing and industrial design in radical 
innovation, which suggested the role of marketing and ID are altered and involve increased 
challenges related to the validation of key assumptions and product application directions. 
Based on the review above, this study will focus on the use of incremental and radical 
innovations.  To provide a precise and clear understanding, as well as help interviewees in 
the study to understand these concepts easily, below are the working definition of both terms: 
• Incremental product innovation: new product changed a little through redesigning, 
modifying, updating and improvement. 
• Radical product innovation: new products improved revolutionarily compared to the 
previous products or new products never existing in the market before. 
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Innovation is not only about the products, it also needs to be managed in a rational system. 
For incremental and radical innovations, they have differences in the innovation management. 
(Leifer et al., 2000) Table 2.2 presents those differences.  
 
Table 2.2 Comparison of incremental and radical innovation management 
System  Incremental innovation  Radical innovation  
Strategic planning  
Extrapolate current business model. 
Identify gaps 
Explore new technical approaches 
and business models 
Market research  
Traditional tools; focused groups, 




Project planning  
Lot of upfront planning, definition of 
milestones, clear objectives. Plan 
suffers small modifications. 
Define broad goals, little detailed 
planning, but heavy reliance on 
experimentation. Plan constantly 
revisited. 
Process formalization High; based on stage gates Low; based on small team dynamics 
Partnerships  
Collaboration over various projects - 
long-term agreements 
Partner provides access to 
capabilities that the organization 
lacks. 
External monitoring 
Monitor current competitors and 
current eco-system. 
Monitoring idea generation places- 
universities, labs, start-ups.  
Source: Leifer et al., (2000) 
2.2.4 The importance of innovation 
This is a mantra that “innovate or die” (Getz and Robinson, 2003) implies companies must 
keep on innovating for survival. In high intensive competition, new products launched to the 
market will inevitably change the basis of competition. Companies are compelled to innovate 
for sustaining competitive advantage (Trott, 1998).  Kaplan (2003) claimed that innovation 
can create the capabilities to bring products to market fast and efficiently and avoid value 
proposition being imitated. However, as mentioned above, innovation can be divided into two 
categories based on the level of innovativeness: incremental and radical innovation. Past 
researches only defined the importance of innovation generally without classification and few 
literatures explored the importance of these two innovation models respectively. Thereby, it 
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becomes significant to identify what is the importance of incremental and radical innovation 
in business for guiding strategy management. 
 
2.2.5 Innovation process  
The types of “process” are variant according to different definitions, such as core processes, 
enabling processes (Carr, 1999). To avoid any confusion in this study, the “process” focuses 
on innovation process, which is defined as the innovative product development process from 
ideas to launch (Trott, 1998). 
Innovation process has evolved a lot in the historical view. Rothwell (1994) identified five 
generations of innovation processes in the history (refer to Figure 2.5): 
The first-generation (1950s -1960s): After the Second World War, the market economy grew 
very rapidly through fast industrial expansion. High level of technological development 
resulted in many new products in the market with no time to consider consumer’s requirement. 
The product innovation process can be regarded as a linear progress driven by technology.  
The second-generation (1960s - 1970s): While new products continued to be introduced, the 
products were still based on existing technology. In order to keep growth in the competition, 
business investment started to switch from expansionary technological development to a 
rational one. Product innovation began to focus on market perspective to meet user needs. 
This innovation process can be considered “market-driven” or “need-pull”.  
The third-generation (early 1970s- mid 1980s): While inflation and demand saturation 
occurred due to the oil crisis, companies were compelled to consider strategy of consolidation 
and rationalization. The product innovation model based on interaction between technological 
capabilities and market needs was widely utilized by companies in different industries. 
Innovation was described as a couple models that linked technology-push with market-pull. In 
this generation, project execution and corporate management level became essential factors to 
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determine the success or failure of the projects. 
 
Figure 2.5 Five generations of innovation processes (Rothwell, 1994) 
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The fourth-generation (early 1980s-early 1990s): Accompanied by the economic recovery, 
companies started to focus on core business and technologies, which indicated the shift of the 
technology and manufacturing strategies to generic technologies and information technologies 
(IT) in production. At the same time, both large and small companies seek to strategic 
alliances and collaborative network. Due to the IT based manufacturing, the product life cycle 
was shortened and the operational efficiency was promoted to obtain competitive edge. The 
integration in the innovation process was more intensive than that of the previous generations. 
“Integration” and “parallel development” were the basis of the fourth-generation innovation 
processes. 
The fifth-generation (after 1990s): Companies remained to strive for networking, speed to 
market, integrated production, excellent product quality and performance. Information and 
communication technology (ICT) was applied to manage the innovation activities. The 
innovation process became more comprehensive within a holistic innovation system through 
using the electronic development tools. For this generation process, five obvious features can 
be identified:  
• Greater holistic organizational and system integration 
• More flexible organizational structure 
• Fully developed internal databases 
• Electronically assisted product development 
• Effective external electronic linkages  
Up to date, many studies on the innovation process have been undertaken and the results 
proposed many other types of the process based on their investigation of practices. These 
processes share some similarities, but still exists some differences. The most known 
innovation process is a formal stage- gate process (Cooper et al., 2002) which identifies 
several stages that the new product development should pass from the initial source inflow to 
the final production and the development funnel process, which narrows down wide-open 
ideas to few options during project evolvement (Clark and Wheelwright, 1993) 
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The stage-gate process (see Figure 2.6) is frequently used in product development. In this 
model of process, it is suggested that companies should pay careful attention to the early 
stages for maximizing commercial success. Market orientation, team and strong 
cross-functional cooperation are also essential.  
 
 
Figure 2.6 The Stage-Gate model of new product development (adapted from Cooper et al., 2002) 
 
The development funnel process (see Figure2.7) emphases to generate many ideas and to 
narrow them down quickly in the progress. It encourages taking an integrated approach and 
coordinating product development in a company-wide perspective. 
 
 
Figure 2.7 The product development funnel (adapted from Clark and Wheelwright, 1993) 
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Besides the stage-gate and development funnel process, there are also many other kinds of 
innovation process developed by scholars. According to Gaynor (2002), the innovation 
process involves mainly four stages (see Figure 2.8): 
• Idea-concept-invention (ICI) 
• Pre-project 
• Project 
• Project-product launch/follow-up 
 
 
Figure 2.8 Four stages of innovation process (Gaynor, 2002) 
 
Davila, et al. (2005) envisioned innovation as a flow that many ideas are created and then are 
selected and refined until the best ones can be commercialized. Figure 2.9 illustrates the 
funnel framework of innovation process. It consists of three phases: creative phase, execution 
stage, value creation stage. 
 
Figure 2.9 The innovation process (Davila, et al., 2005) 
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It is certain that all the innovation must undergo a number of phases before commercialization. 
Innovations start with the generations of ideas, then implementation and finally 
commercialization (Goffin and Mitchell, 2005). What should be noticed is those activity is not 
sequential, but overlapping. Figure 2.10 shows the most representative innovation process, 
which is also called New Product Development Process (Crawford, 1997). 
 
Figure 2.10 The product innovation development process (adapted from Crawford, 1997) 
 
For most studies mentioned above, they developed the general innovation processes without 
considering the types of innovation, i.e. incremental and radical innovation. As discussed 
previously, radical innovation faces the unique product development challenge due to the high 
level of uncertainty in the technology and market. The process is more informal and less 
structured than incremental innovation. Thus, some researchers pay more attention to explore 
the radical innovation process. Veryzer (1998) identified that radical innovation process 
consists of eight phases: 
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• Dynamic drifting phase 
• Convergence phase 
• Formulation phase 
• Preliminary design phase 
• Evaluation preparation phase 
• Formative prototype phase 
• Testing and design modification phase 
• Prototype and commercialization phase 
He also indicated radical innovation process is very different from the conventional new 
product development and high degree of uncertainty exists in the early stages. Figure 2.11 
presents the radical innovation process system. 
 
 
Figure 2.11 The radical innovation process system (adapted from Veryzer, 1998) 
 
Chesbrough, et al. (2006) claimed radical innovation process (Figure 2.12) comprises of three 
stages: discovery, incubation, acceleration. Discovery is creation, recognition, elaboration and 
articulation of opportunities. Incubation is evolving the opportunity into a business 




Figure 2.12 Radical innovation process (adapted from Chesbrough, et al., 2006) 
 
Due to incremental innovation being associated with simple product upgrades and 
improvement, most studies neglected the in-depth research on incremental innovation process. 
Past researches have few records on research incremental and radical innovation process 
together. Therefore, it is important to explore these two kinds of innovation process in parallel 
to discover the associated patterns between them. The results will be significant to conduct the 
innovation management effectively.  
 
2.2.6 Innovation strategy 
Davila, et al. (2005) developed two kinds of innovation strategy depending on the centre of 
gravity and diversity of investment in the innovation matrix: PTW (playing-to-win) and PNTL 
(playing not to lose). PTW is similar to the offensive strategy (Freeman, 1982; Jones, 1997); 
the characteristic is research-intensive, high risk and uncertainty. PTW relies on radical or 
semi-radical innovation to create market opportunity. PNTL resembles the defensive strategy. 
It adopts more incremental innovation than PTW strategy and plays a follower role in the 
market. Firms should consider the external competitive environment and internal research and 
investigation capability in choosing a more suitable strategy. Jones (1997) presented four 
product strategies: offensive, defensive, imitative, traditional (See Table 2.3). He claimed 
companies should adopt radical innovation for offensive strategy and incremental innovation 
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for defensive strategy.  
Table 2.3 Product innovation strategies  
Type of innovation strategy Characteristic 
Offensive • Radical innovation 
• Research-intensive 
• High risk/ uncertainty 
Defensive  • Followers 
• Incremental innovation 
• Market focus 
Imitative • Low cost manufacture 
• Licensed technology 
• No R&D 
Traditional  • Established market 
• Niche market 
• Low technology 
Source: Jones (1997) 
 
Freeman (1982) had provided a more detailed typology of innovation strategies based on the 
reference to a vast array of empirical data. He described “offensive”, “defensive”, “imitative”, 
“dependent”, “traditional” and “opportunist” strategies. Table 2.4 presents the descriptions of 
those six strategies. Trott (1998) indicated that these strategies are not completely exclusive 
and exhaustive. Other strategies are still possible to be adopted. Indeed, many firms involve 
several innovation strategies with a range of products. 
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Table 2.4 Freeman’s innovation strategy  
Strategy  Definition  
Offensive Aims at technical and market leadership: being ahead of competitors by 
introduction of new products 
Defensive Aims at market launch shortly after offensive innovator, to profit from their 
mistakes and their opening up of a market, but not to be “left behind”. (may also 
be intended offensive innovator that did not quite make it) 
Imitative Follows a long way behind the technological leaders, possibly licensing from 
them, taking advantage of cost advantages, captive markets or geographical 
location 
Dependent Satellite of other firms, reliant on customer or parent for technical and design 
specifications, often a sub-contractor 
Traditional Produce a product that changes very little technically-if at all- and is often based 
on craft skills (e.g. hand-thrown pottery). Design may change in response to 
fashion but not technology. 
Opportunist Realizes new opportunity in changing market, not based on in-house R&D or 
complex design, but on finding an important niche, providing something no one 
else thought of. 
Source: Freeman (1982) 
 
2.2.7 Innovation policy (network, alliance, partnership) 
Networks, alliances, partnerships in the innovation process occur frequently in the recent 
years. This phenomenon is caused by three factors: confluence of globalization, growing 
importance of knowledge flows and the changing management of firms (Mothe and Link, 
2002). The managers now have come to realise the importance of networks and collaboration, 
and many companies have benefited from the collaboration in the innovation process. France, 
et al. (2001) agreed that alliance is a good choice for companies to enter new market fast, 
enhance capabilities, fill strategic gaps and boost brand image. They further claimed that 80% 
managers acknowledged alliances as one essential strategy for future business growth based 
on a Booz-Allen & Hamilton survey. Quinn (2000) also indicated outsourcing is the most 
powerful tool in the innovation strategy. Recently, Chesbrough (2003) defined innovation 
networks, alliances, collaboration as open innovation: 
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The use of purpose inflows and outflows of knowledge to accelerate internal 
innovation, and expand the markets for external use of innovation, respectively. 
Open innovation encourages firms can and should use external ideas as well as internal ideas, 
and internal and external paths to markets, as they look to advance their technology. Open 
innovation assumes that internal ideas can also be taken to the market through external 
channels to generate additional value. Comparing to the traditional closed innovation, open 
innovation has many advantages. Table 2.5 provides the comparison of closed and open 
innovation principles. In addition, the paradigms of closed and open innovation are also 
shown in the Figure2.13 and Figure 2.14 for understanding the distinctions of inputs and 
outputs in these two innovation principles.  
 
Table 2.5 Comparison of closed innovation and open innovation 
Closed innovation principles Open innovation principles  
The smart people in our field work for us “Not all of the smart people work for us.” We 
need to work with smart people inside and outside 
our company 
To profit from R&D, we must discover it, develop 
it, and ship it ourselves 
External R&D can create significant value; 
internal R&D is needed to claim some portion of 
that value 
If we discover it ourselves, we will get it to 
market first  
We don’t have to originate the research in order to 
profit from it 
The company who gets an innovation to market, 
will win 
Building a better business model is better than 
getting to market first 
If you create the most, and the best ideas in the 
industrial, you will win 
If you make the best use of internal and external 
ideas, you will win 
We should control our IP, so that our competitors 
don’t profit from our ideas. 
We should profit from others’ use of our IP, and 
we should buy others’ IP whenever it advances 
our own business model. 
Source: Chesbrough (2003) 
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Closed innovation paradigm: 
 
Figure 2.13 Closed innovation paradigm (Chesbrough, et al., 2006) 
 
Open innovation paradigm: 
 
Figure 2.14 Open innovation paradigm (Chesbrough, et al., 2006) 
 
Innovation collaboration and alliances become very popular in the business organizations. It 
has the advantage that traditional innovation model cannot offer.  Von Stamm (2004) 
explained the reasons in the following: 
• To share risk and cost  
• To access new or different markets  
• To obtain additional resources 
• To gain access to knowledge and expertise 
• To reduce development time  
However, it does not mean open innovation is perfect. There are still some obstacles existed in 




technology base  
R&D 
Licensing to other firm’s 
market  
Technology spin-offs 
new market  





R&D The market 
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Von Stamm (2004) concludes some aspects of this failure. 
• Lack of trust and respect 
• Restrictions to knowledge sharing 
• Non-supportive reward systems 
• One-sided benefits 
Similarly, Chesbrough (2003) presented some rational reasons for resisting collaboration in 
the organization management perspective.  
• The internal employees have behavioural response in not trusting external technologies. 
• Fast-moving projects do not allow enough time to evaluate and incorporate external 
technologies. 
• The project team bears the full responsibility if the use of external technology fails. 
As a strategic approach, collaboration has many different types. It varies from company to 
company, even from project to project in the same company. Tidd, et al. (2005) provided an 
overview of different types of innovation collaboration and alliance (See Table 2.6) 
Table 2.6 listed six types of collaboration from short term to long term. Each type has its own 
advantages and disadvantages. Companies should consider their capabilities and other factors 
when choosing the appropriate collaborations. Actually, most companies adopt several types 
of collaboration in the innovation practice. 
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Table 2.6 Types of collaboration  
Type of collaboration Typical duration Advantages  Disadvantages 
Subcontract Short term  Cost and risk reduction, 
reduced lead-time.  
Search costs, product 
performance and quality  
Cross-licensing Fixed term Technology acquisition Contract cost and 
constraints 
Consortia Medium  Expertise, standard, 
share funding 
Knowledge leakage  
Subsequent 
differentiation  




Joint venture Long term Complementary 
know-how  
Dedicated management  
Strategic drift  
Cultural mismatch  
network Long term  Dynamic learning Static inefficiencies 
Source: Adapted from Tidd et al., (2005) 
 
Based on the literature above, it is agreed that innovation alliance is widely adopted in 
worldwide companies and co-exists advantages and risks. This study is to explore the current 
situation of innovation collaboration is in Singapore design-driven firms. It mainly focuses on 
the contents of innovation collaboration and also explores any differences of open innovation 
activities between incremental and radical innovation. 
 
2.2.8 Marketing with innovation 
Market research has become an important part in a company’s armoury to develop and verify 
new products and services. It plays a significant role in the early innovation development 
phases to address user-product interaction issues (Bruce and Cooper, 1997; Ulrich and 
Eppinger, 2004). Marketing research has two types: traditional and contemporary approaches. 
However, for innovation context, traditional marketing research approaches do not work well. 
Many researchers turned to contemporary approaches, such as “real-time market research” 
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(Sanchez and Sudharshan, 1993) and “emphatic design” (Leonard and Rayport, 1997). 
Mahajan and Wind (1992) offered a matrix that suggests which marketing research approach 
is appropriate for each product innovation development stage. (See Table 2.7)  
 
Table 2.7 Use of models and methods of market research across NPD activities  























Y Y Y    Y Y  Y Y 
New product 
screening 
Y Y Y Y Y Y Y     
Marketing study for 
concept development 





Y Y Y  Y Y  Y  Y  
Business/ finance 
analysis 
  Y  Y Y    Y  
Product development  Y Y Y  Y  Y Y   
Consumer test of 
product 
Y Y Y Y  Y   Y   
Pre-market volume 
forecasting 
   Y  Y      
Market test/trial sell  Y  Y        
Market launch 
planning 
Y Y Y Y Y     Y  
Source: reproduced from Mahajan and Wind (1992) 
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Rangan and Bartus (1995) indicated market learning in the incremental and radical innovation 
is completely different. Table 2.8 shows the two models of market learning. 
In the incremental innovation, customers contribute a lot in providing information. They can 
suggest the improvements based on the previous usage. Methods such as “Quality Function 
Deployment” (QFD) and “conjoint analysis” are often used for market learning. (Veryzer, 
1998) 
For the radical innovation, customers cannot image what their requirement is for the future. 
Therefore, it is important to learn and evaluate the new generation of concepts in the early 
stages of product development. Methods such as future analysis (Hamel and Prahalad, 1991), 
multidimensional understanding (Dougherty, 1990), information acceleration (Urban and 
Hauser, 1993), lead users involved in “sticky information” (Von Hipple, 1994) are created by 
researches for the market learning in the radical innovation. Using these methods allows an 
in-depth interpretation of customer’s current and further usage trend, and enhance the 
interaction between users and products. 
 
Table 2.8 Two models of market learning 
Incremental innovation  Radical innovation 
• Listening to the market 
• Effectively and efficiently addressing 
existing demand 
• Visioning the market 
• Building and creating demand for the product 
Source: Rangan and Bartus (1995) 
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2.3 An introduction to design  
2.3.1 What is design? 
“Plan and execute (a structure, work of art, etc); fashion, shape; make a 
preliminary sketch for (a work of art, etc.); make drawings and plans for the 
construction of production of (a building, machine, garment, etc).” 
(The New Shorter Oxford English Dictionary on Historical Principles) (Brown, 1993) 
The International Council Societies of Industrial Design (ICSID) define “design” as 
following: 
“Design is a creative activity whose aim is to establish the multifaceted qualities 
of objects, processes, services, and their systems in whole life cycles. Therefore, 
design is the central factors of innovative humanization of technologies and the 
crucial factors of cultural and economic exchange. The task is to discover and 
assess structural, organizational, functional, expressive, and economic 
relationships.” 
This definition corrects the traditional perception of seeing design merely from the viewpoint 
of aesthetics and appearance. It highlights the design activity (design process). Designers in 
this definition become multidisciplinary expertise. 
Another definition brings the design more closely to the industry and the market, which is 
widely known as industrial design: 
“Industrial design is the professional service of creating and developing concepts 
and specifications that optimize the function, value, and appearance of products 
and systems for the mutual benefit of both user and manufacturers.” 
(Industrial Designers Society of America [IDSA], 2009) 
Industrial design can be divided into three categories: concept design, adaptation design and 
variation design. (de Mozota, 2003) 
• Industrial design as concept design: it aims to elaborate on an original solution for a system, 
an existing function, or a new function. 
• Industrial design as adaptation design: it is to adapt a known system to a new task and 
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requires original designs for parts. 
• Industrial design as variation design: it means restyle, which vary the size or arrangement 
of certain aspects of a system with no modifying the function and its principle. 
 
2.3.2 Types of design disciplines  
The classification of design activity may vary from one to another due to the different 
categorization methods. The Design Council’s (1988) directory of design expertise offered 
four categories: Product design, Graphic design, Interior design, Fashion and Textiles design. 
Shirley and Henn (1988) expanded and regroup the design areas into two levels: graphic 
(two-dimensional), design and product (three-dimensional) (See Figure 2.15). In their 
conceptual framework, classifying interiors into the category of graphic design, which is 
arguable as interiors design is part of three-dimensional design. 
 
 
Figure 2.15 Main areas of design (Shirley and Henn, 1988) 
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Based on the development of design and technology advanced, Mozota (2003) classified 
design into three categories: two dimensions (2-D), three dimensions (3-D), and four 
dimensions (4-D) as shown in Table 2.9. Virtual design and digital design were added in the 
grouping to reflect the true picture nowadays.  
One important part of this study is to explore the design patterns in product innovation of 
Singapore firms, the terms “design” in this research is related to “industrial design” or 
“product design”.   
 
Table 2.9 Types of design  
Source: Mozota (2003) 
 
2.3.3 Design knowledge and skill  
Designers play the integrating role in the product development. (Lorenz, 1986) This requires 
designers to have multidisciplinary knowledge to integrate other various disciplines, such as 
business skills, engineering knowledge and user focus (Bruce and Harun, 2001). Table 2.10 
shows the design knowledge and skills based on Brace and Harun’s viewpoints that suggests 
that design knowledge and skills can be divided into four categories:  
o Practical level: visualization, 
o Creativity level: researching, 
o Commercial level: marketing and analyzing, 
o Tacit level: presentation and reporting. 
2-D design  3-D design  4-D design 
Graphic design  Furniture design  Digital design 
Information design  Fashion design  Interactive design  
Illustration  Interior design  Web design 
Textile design  Industrial design  
Environment design  
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Table 2.10 Design knowledge and skills  
Applied skills  Knowledge  Processing skills Values/ perspective 
Practical design skills Process  Visualizing  Risk taking 
Creativity techniques Material  Researching  Originality  
Commercial skills  Market  Analyzing and prioritizing  Anticipating future trends 




• Scenario building 
• Adapting and inventing 
• Presentation and persuading 
• Synthesizing Understanding 
and balancing stakeholders’ 
requirements 
• Intuitive thinking and action 
• Proactive in 
developing 
relationships 
• Managing uncertainty 
Source: Bruce and Harun (2001) 
 
Similarly, Hytönen et, al. (2004) identified designers require three levels of design knowledge 
and skills as shown in Figure 2.16. These are strategic, tacit and operative level: 
• Strategic level: strategic design, visual definition to client’s needs, such as usability and 
user studies, trend surveys, target group analysis, internal marketing and speeding up 
lead-time, etc. 
• Tactical level: management of the design process. 
• Operative level: design capabilities and use of technical tools, such as design, modelling, 
sketching, prototyping and rendering, etc. 
 
 
Figure 2.16 Three levels of design capabilities (Hytönen et al., 2004) 
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What should be mentioned here is that “tacit knowledge” as one of the important components 
of skills for designers is agreed by many studies. (Walsh et al., 1992; Bruce and Harun, 2001) 
“Tacit knowledge” means “knowledge that we know but difficult to tell” (Walsh et al., 1992). 
It is one way to express the conceptual process in creativity. The tacit value of design consists 
of “designer’s personal communication skills, craftsmanship and holistic mind-set”. (de 
Mozota, 2003) It is the important design tool to support the transformation of concept to real 
products.  
Although many literatures have produced many design skills, there is little systematic analysis 
about design skills and knowledge required for innovation. This study is to explore what 
aspects of design skills are applied to practice and to determine the requirement of design 
knowledge in academic education.  
 
2.3.4 Value of design  
Industrial design is primarily responsible for the product design related to the interaction 
between product and user, which enhances functional benefits, aesthetics, ergonomic 
considerations, and style (Cagan and Vogel, 2002). It is a key collaborator in the product 
development process (Veryzer, 2005). In the strategy perspective, design contributes a lot in 
the areas such as value, image, process, and production (Trueman and Jobber, 1998) (See 
Table 2.11). 
de Mozota (2003) claimed that design have values in market differentiation, coordination in 
innovation and transformation in strategy. Design and marketing share the same mindset of 
understanding the customer needs and user-product relationship. In business, they both work 
together to build a strategy to differentiate its own products from the competitors. The design 
creates product differences to make an impact on consumer behaviour. 
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Table 2.11 Levels of design in strategy perspective 
Design strategy Design attributes  Company goals 
Value • Product styling 
• Aesthetics  
• Quality 
• Standards 
• Added value 
To add value for consumer and 
enhance company reputation 
Image • Product differentiation 
• Product diversification 
• Product identity 
• Brand identity  
• Brand creation 
Company image and strategy 
Process • Generation new ideas 
• Idea communication 
• Interpret ideas 
• Integrate ideas 
• Promote products 
Culture for new ideas, creativity 
and innovation 
Production  • Reduce complexity 
• Use new 
technology/materials 
• Reduce production time 
Improvement and reduce time to 
market 
Source: Trueman and Jobber (1998)  
 
Design provides key issues such as competitive advantage, understanding of user needs and 
the synergy in product development process to create value in innovation. It improves the 
NPD process quality, the definition of product strategy and the quality of new product team 
management. At the strategic level, design contributes to the strategy formulation through 
defining the responsibility and leadership assigned to design and its contribution to the 
organization culture, search for opportunities for design innovations and multiplies 
demonstrations of identity through design. 
Based on the discussion above, design contributes a lot on each aspect of product. This study 
attempts to identify the significances of design value on the incremental and radical product 
characteristics.  
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2.3.5 Design process 
Kotler and Rath (1990) indicated design is a process that optimizes user’s satisfaction and 
company’s profitability through using the creativity of design elements. Models of design 
process have been developed since the early 1960s (Roozenburg and Eekels, 1995). Generally, 
design process can be divided into three phases: analytic phase of observation and 
investigation, synthetic phase of concept generation, and final phase of optimal solution (de 
Mozota, 2003).  Walsh et al. (1992) indicated design as a process with four important 
characteristics, i.e. 4Cs: 
• Creativity: create something never existed before. 
• Complexity: design involves decisions on large numbers of parameters 
• Compromise: design requires balancing multiple and conflicting requirements 
• Choice: design requires making decisions between many possible solutions. 
Though the model can be found in slightly different versions, the most widely adopted 




Figure 2.17 The phase of the design process (French, 1985) 
 
In Pahl and Beitz’ terminology, the design process can be divided into four phases: 
• Clarification of the task 
• Conceptual design 
• Embodiment design 
• Detail design 
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Figure 2.18 Overview of design process (adapted from Pahl and Beitz, 1984) 
 
According to the Figure 2.17 and 2.18, the design process is an iterative process, not a linear 
or stage-gate process, which is very different from some of the innovation process mentioned 
previously. Ideas can move back for testing and analyzing the solutions through the iterative 
stages of process. Regardless of whether the design projects are collaborated with external 
design source or developed by internal design department, design process phases are identical.  
de Mozota (2003) regarded design as creative process in six phases (See Table 2.12). Each of 
phases has a different objective and visual outputs in the production: 
• Investigation: to identify any opportunities or problems through investigation and 
observation. 
• Research: to provide the diagnosis of project through inquiring the opportunity and 
exploring the parameters of the project, then to figure out the product visual concept. 
• Exploration: designers concretize the concept through drawing of various possible 
solutions. This phase ends till the solution is finally selected by the committee.  
• Development: 3-D version is developed for judging the shape’s quality. The purpose of this 
model is to verify the technical problems in assembling and to perform marketing tests. 
• Realization: this phase is the realization of prototype. It is time-consuming due to the 
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collaboration across different departments. 
• Evaluation: in this phase, three aspects are tested: technical control, calculation test, 
marketing evaluation. Designer has the responsibility to follow up.  
Though design can be managed as a process, the effective management of design needs an 
integrated approach. Separation involvement in a stage model of process is very dangerous, 
which implies concurrency is necessary in the design process. Early involvement can reduce 
the incidence of problems in a later stage. (Bruce and Bessant, 2002) 
 
Table 2.12 Design phases, objective and visual outputs  
Phases  Objective Visual outputs 
1.Investigating Idea • Brief 
2. Research Concept  • Visual concept 
3.Exploration Choice of style • Roughs of ideas, sketches 
• Roughs of presentation 
• Reduced-scale model 
4.Development  Prototype detail • Technical drawings  
• Functional model  
• 3-D mock-up for visual correctness 
and working capabilities 
5.Realization  Test • Documents of execution  
• prototype 
6.Evaluation Production  • Illustration of the product 
Source: de Mozota (2003) 
 
2.3.6 Design and innovation  
Walsh et al. (1992) claimed that every innovation requires design input, no matter for radical 
innovation or incremental innovation. Indeed, design as a heart is integral to innovation, as it 
is the creative force or “the moment when a new project is imagined, devised and shaped in 
prototype form” (OECD, 1987). Freeman (1982) regarded “design as crucial to innovation in 
that it is the domain of creativity where ideas are devised but where ‘coupling’ occurs, that is 
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where technical possibilities are linked with market needs.”  
The truth that design as an element of innovation can add value through product 
differentiation based on the consumer’s preference is acknowledged (Carpenter and Nakamoto, 
1990; Walsh, 1996; Von Stamm, 2003). An innovative design process can create an excellent 
product through (Carpenter and Nakamoto, 1990): 
• Its conscious and prospective research of environment opportunities. The designer is an 
innovator who goes out, watches, inquires, and listens to the world that surrounds him, 
which means the first value of design is the development of ideas that then become 
concepts. 
• Its user-oriented philosophy: high- performance products and services need technological 
sophistication and innovation of use. This means a market- oriented NPD process and 
internalized customer information.  
Designs not only create a superior product, but also improve the innovation process. It plays 
an integrator role to coordinating the innovation process. Griffin and Hauser (1996) indicated 
cooperation between marketing and R&D can enhance the rate of product success. Design 
process as a cross-functional process integrates constraints from marketing and R&D. 
Integration barriers can be overcome by design through “creating transversal teams, increasing 
communications, encouraging learning from other disciplines and fostering a common 
culture.” (de Mozota, 2003) Figure 2.19 presents the improvement of innovation process 




Figure 2.19 Improving innovation process through design (de Mozota, 2003) 
 
Design process can shorten the NPD process via “source-finding” and “communication 
activities”. It contains: 
• Seeking out external sources and finding and networking with new specialized suppliers. 
• Organizing peer review groups to assess prototypes or visual outputs in order to better 
define product strategy. (de Mozota, 2003) 
Table 2.13 shows how design impacts the NPD stage gate process 
 
Reduce market time 
1. By improving sources 





Changes the relationships  
1. Internally builds trust in 
team and concept sharing 
2. Externally changes the 
relationships with outside 
actors (suppliers, society) 
Design
Managers simultaneously  
The product and customer 
information flows 
Is a continuous learning 
process 
Design 
Develops a core 
competency 
In terms of time In terms of space In terms of knowledge 
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Table 2.13 Design impacts in the stage-gate process  
Phases Stage-gate  Team key activities  Design in NPD 
STEP1 Ideation Initial screening Exploration  
1.Consider product platform and 
architecture  
2.Assess new technologies and needs 






1.Investigate feasibility of product 
concepts 
2.Develop industrial design concepts 





1.User needs and wants studies 
2.Value in use studies 
• Competitive analysis 
• Concept testing 
• Detailed technical assessment 
• Manufacturing -appraisals 
• Detailed financial analysis 
System level design  
1.Generate alternative architectures 
2.Define major sub-systems and 
interfaces 
3.Refine industrial design  
STEP4 Development Product development Detail design  
1.Define part geometry 
2.Choose materials 
3.Assign tolerances 
4.Complete ID documentation 
STEP5 Testing and 
validation 
In-house product testing  
• Customer test of products  






5.Implement design changes 
STEP6 Market 
launch 
Trial production  
• Pre-commercialization 
• Business analysis 
• Production start-up 
• Market launch 
Production ramp-up 
1.Evaluate early Production output 
Source: adapted from Cooper (1998) 
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Design also can be the knowledge broker in the technology transfer. Researchers have 
developed a framework of design contribution (de Mozota, 2003): 
• As technological access: the deficit in information exchange makes designers discover the 
potential technical solutions which are “invisible” in other industries. 
• As a learning process: designers bring these technical solutions to the company memory 
for potential use in future projects. 
• As idea storage: these potential technical solutions remain in memory until other design 
projects come along and benefit from them. 
• As idea extraction: designers extract technical solutions from the company memory to fit 
new combinations. 
• As a result: designers create new combinations of existing solutions. 
It is recognized that design contributes a lot to product innovation. However, design plays 
different roles according to the mode of innovation. In radical innovation, new products may 
be resisted due to the change of the criteria consumers use thus design can enhance the 
acceptance of products though aesthetics. (Veryzer, 1998) In addition, design coordinates the 
interaction between the product development and commercialization because systematic 
adjustments have to be made in the whole product development process. (Walsh, 1996) In 
incremental innovation, design mainly focuses on product differentiation and reliability, 
efficient use of materials, ease of manufacture, repackaging, updating and rethinking the 
configuration of a particular product. (Walsh, 1996; Bruce and Bessant, 2002) 
 
2.3.7 Design with marketing  
Design and marketing have a symbiotic relationship. Design needs marketing to detect trends, 
user needs and cost parameters. Marketing needs design to portray “lifestyle” that consumers 
relate to or aspire to. Consumers’ perceptions and their willingness to buy are influenced by 
the design configuration of the product. A unique design can create desire, want and needs in 
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the customers, encouraging purchase. Design has become an asset in the market positioning 
and its outcomes are often influenced by market objectives (Bruce and Bessant, 2002). Table 
2.14 presents how the market objective relates to the design outcome.  
 
Table 2.14 The relation of market objective and design outcome  
Market objective  Design outcome 
Company seeking to launch the product on the 
market for the first time 
New product development 
Company seeking to increase market share Design promotional website 
Company seeking to regain lost market Product modification 
Company seeking to diversity into a new product 
market for the company 
Product extension 
Company seeking to diversity into a new product 
market  
Packaging and promotional material  
Source: Bruce and Bessant (2002) 
2.4 Summary 
The holistic review of literature presents the paradigm of innovation and design. It mainly 
explores innovation models related to the evolution of innovation process, innovation policy 
and design impacts. In historical overview, the innovation process has changed so much due to 
the economical, technological and environmental development. Currently, open innovation is 
widely utilized because of confluence of globalization, growing importance of knowledge 
flows and the changing management of firms.  It also discusses two types of innovation: 
radical and incremental in detail to provide an in-depth understanding of innovation. As a key 
resource, design contributes to product innovation through the understanding of user needs 
and the synergy in product development process. It has values in differentiation of marketing, 
coordination in innovation and transformation in strategy.  The following points summarize 
the literature review and identify the gaps that existed in previous researches. 
• Concept of innovation is defined and some questions about invention, creativity, design 
and R&D are clarified. 
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• Theories about degree of innovation are explored. Studies have shown that radical and 
incremental innovation has relationship in the product life cycle and has difference in 
objectives, characteristic and strategy. However, this relationship is not well explored and 
requires more studies to identify the differences between both types of innovation. 
• Innovation process is widely discussed according to different versions. However, few 
researches have explored incremental and radical innovation processes together to identify 
any difference in detail.  
• Innovation collaboration occurs frequently nowadays. Studies have explored many aspects 
of open innovation. However, few studies mentioned the contents of external innovation 
collaboration.  
• Design concepts and design process are presented to get an understanding of design. 
• Design is essential as an important innovation strategy tool but had been ignored for a long 
time. The impact of design on innovation should be explored comprehensively to get a 
clearer picture of the relations between design and innovation. 
 
2.5 Emerging research questions  
The background study identifies many issues about design, innovation, strategy and marketing 
to develop an understanding how design and innovation interact and combine together to 
generate competitive products. Based on the literature review, the research will focus mainly 
on the comparison study of incremental and radical innovation. The study questions have been 
formulated in the following: 
• What are the characteristic of incremental and radical innovation products? 
• What are the objectives of incremental and radical innovation in business? 
• What are the differences between incremental and radical innovation process? 
• What is the role of design and knowledge requirement in innovation process? Does any 
difference exist in incremental and radical innovation? 
• How are the networks, alliances, partnerships of innovation in the product development? 
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3. RESEARCH METHODOLOGY FRAMEWORK 
 
3.1 Introduction 
This chapter is to: 
• Formulate the research methodology for this study and present the details of the research 
design and process within this study.  
• Present the research limitations of this study. 
Product design and innovation is one of the hot topics in the current academic studies. This 
research focuses on the comparison study of the incremental and radical innovation in order to 
gain an understanding of patterns between both innovation models adopted by the Singapore 
design -driven companies. The research is not only to evaluate the existing theories in practice 
but also to explore and investigate the contemporary phenomenon of design and innovation in 
practices, in order to inform such theories. Thus, using case study method would be the most 
appropriate research method to gather contextual understanding about design and innovation 
patterns. An overview of research process is shown in Figure3.1 and the detailed information 
about how this research is conducted will be presented in 3.2 methodological framework. 
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Figure 3.1 Research process of this study 
 
3.2 Methodological framework  
In researching such subjects within real-life context, descriptive and exploratory case studies 
(Yin, 2003) are employed to gather research findings. The study comprises of two parts: 1. 
background study and 2. case studies.  
Background study includes two parts: one is literature review based on academic literature, 
design related articles and published company information; the other is the discussions with 
other scholars and design practitioners within the field. This initial background research 
accumulates the knowledge basis for in-depth interviewing within case studies.  The purpose 
of the background study is to: 
• Obtain the overview of understanding the research background on product innovation and 
design. 
• Ascertain the investigation area for more intensive research. 
  49
• Set up the selection criteria for case studies. 
• Develop the questionnaire for in-depth interview within the case studies. 
Multiple case studies covering six Singapore design-driven corporations reflecting the 
current local design and innovation activities will be adopted in the 2nd part of the study. The 
details about how the case study is conducted will be presented in the next sections. 
 
3.3 Case study  
3.3.1 Why case study? 
Case study methodology is the most appropriate choice when researchers are unable to control 
and predict test results, as well as when the research focuses on a contemporary phenomenon 
within some real-life context (Yin, 2003). There are two situations whereby the case study 
methodology can be applied appropriately (Eisenhardt, 1989; Yin, 2003): One is when the 
research is directed at a descriptive question (what happened?) or an explanatory question 
(how and why happened?); the other is when the research aims to gain an in-depth 
understanding of a particular situation through direct observations and data collection in 
natural settings. Miles and Huberman (1984) indicated that case study can help in obtaining a 
deep understanding, a full contextual sense of the subject and a foundation for the 
development of theory through investigation. This research aims to generate the knowledge on 
design and innovation patterns in today’s manufacturing firms. It strives to explore the 
contemporary phenomenon through focusing on descriptive and explanatory questions. Hence, 
case study is the most appropriate research method applicable for this research.  
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3.3.2 What’s case study? 
Yin (2003) defines case study as followings: 
“A case study is an empirical inquiry that investigates a contemporary 
phenomenon within its real-life context, especially when the boundaries between 
phenomenon and context are not clearly evident and copes with the technically 
distinctive situation relying on multiple sources of evidence and the prior 
development of theoretical propositions to guide data collection and analysis.” 
Yin considered case study as a comprehensive research strategy that covered the logic of 
design, data collection techniques and specific approaches to data analysis.  
Tharenou et al., (2007) further described case study as an in-depth, empirical investigation of 
a single instance or setting to explain the phenomenon in context. Choosing appropriate unit 
of case for analyzing is critical. A case can relate to persons, groups, organizations, even 
non-human objects such as products or programs. (Lee et al. 1999) Generally, case study has 
two types: 1. Single case study and 2.Multiple case studies, which will be further elaborated in 
the next section. 
 
3.3.3 Single verses multiple cases 
a) Single case study 
Single case study is similar to a single experiment. There are some rationales for the single 
case study (Yin, 2003): 
• The case represents the critical case to test a well-formulated theory. 
• The case is the representation of extreme or unique case. 
• The case is the representative or typical case. 
• It is the revelatory case. 
• It is the longitudinal case. 
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The single case study has a potential vulnerability that it can turn out otherwise. In order to 
avoid such problem, it is required to carry out careful and thorough investigation at the 
beginning of the case to minimize the chances of misrepresentation and maximize the 
approaches to obtain the evidence. 
b) Multiple case studies  
In comparison to the single case study, the evidence of multiple case studies is often more 
compelling and the overall study is considered more robust (Herriott and Firestone, 1983). 
Multiple cases can obtain various experiences and complementary insights in the study. 
Convergent results from various researches have more persuasive power than single result 
(O’Connor, 1998).  
However, multiple case studies require extensive resources and longer time to complete than 
single case study. In particular, selection of each case should be careful to:  
• Predicts similar results (a literal replication) 
• Predicts contrasting results but for predictable reasons (a theoretical replication) (Yin, 
2003) 
All of these replication procedures in the multiple case studies have to develop a rich 
theoretical framework. The framework needs to state the condition under which a particular 
phenomenon is possible to be found (a literal replication) and the conditions when it is not 
possible to be found (a theoretical replication) (Yin, 2003). The theoretical framework then 
generalises to new cases.  
c) Why prefer multiple cases? 
Although both types of case study can lead to success, multiple case studies are preferred over 
single case study. Single case study always reflects fears about uniqueness or artificial 
condition surrounding the case. Multiple case studies can avoid the criticism and skepticism 
of the single case design as it provides a much stronger effect based on sufficient evidence. 
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Yin (2003) suggested multiple cases are the better goal than in a single case. In this study, a 
single case is weak to reflect the innovation patterns in Singapore firms as a whole. Therefore, 
multiple case studies will be adopted to gather enough evidence turn out what innovation 
practice is.  
d) Holistic or embedded? 
Both single case study and multiple case studies have two variants: holistic and embedded 
(Yin, 2003). For multiple case studies, each individual case still can be holistic or embedded. 
The holistic case study is to examine specific phenomenon in global view whereas embedded 
case study is about analysis of sub-units to get a deeper understanding of details. Figure3.2 
shows the types of case studies in a matrix: single case (holistic), single case (embedded), 
multiple cases (holistic) and multiple cases (embedded). The single and multiple-case studies 
in the matrix reflect different design considerations and there can be a unitary unit or multiple 
units of analysis within these two variants. 
 
 
Figure 3.2 Basic types of design for case studies (Yin, 2003) 
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Which variant to choose in the case study depends on the type of phenomenon and research 
question. Each variant has its own advantage and disadvantage. Table 3.1 illustrates the 
comparison of those two types of case study: 
 
Table 3.1 Comparison of holistic and embedded case studies 
 Holistic Embedded 
Description  Researcher considers overview of 
subject- a global view. 
Analysis of individual units within larger unit of 
analysis 
Benefits Gains a comprehensive insight of the 
operational whole  
Provides detailed information; an ability to 
focus on relevant elements 
Drawbacks Avoids examining any specific 
phenomenon in operational detail 
Focuses on one sub-unit level while failing to 
return to larger unit of analysis 
Source: Yin (2003) 
As discussed above, embedded approach is the most appropriate way for this study to get 
in-depth analysis of the product design and innovation patterns.  
 
3.3.4 Selection of cases 
Langrish (1993) identified six basic types of case study selection based on many years of 
experience: 
• The comparative- this approach was derived from agricultural research which obtained 
cases from small, medium and large firms in 2 industries. 
• The representative- it was based on vague notions of a statistically valid sample. 
• The best practice- case studies aims to improve practice through go and look “best 
practice” examples. Nevertheless, what is the standard of “best”? Researchers used 
prizewinners, polls of experts and index as ways to select the best. 
• The one next door- it is restricted to select examples due to practical reasons. 
• The “cor, look at that”- fun and interest are obtained from unusual examples. The 
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“representative” can be boring; the unusual can be an element of surprise and challenge in 
conventional wisdom. 
• The taxonomic-cases are examples. Different parts of taxonomy can get interesting results. 
It dictates the selection of further cases. 
This study aims to get the representative information of product design and innovation 
patterns through investigating which Singapore companies have the best practice. As such, the 
“representative” “the one next door” and “the best practice” approaches are used for case 
selection. The principles about selection of companies are: 
• The representative: Firms that have good performance in product design and innovation in 
Singapore. 
• The one next door: Firms where investigators have easy access to the design managers or 
NPD managers for interview. 
• The best practice: the competition winner or award winning companies. 
Considering the principles mentioned above, this study focuses on the electronic 
manufacturing industry such as consumer electronics, telecommunication, domestic 
appliances, health and lifestyle, which requires excellent design and innovation performance. 
Six firms are selected for case studies within the agreement of participation. The information 
about each case is presented in the Appendix I. 
 
3.3.5 Source of evidence for case studies 
Yin (2003) identified six categories of evidence for case studies: 
• Documentation  Communication, such as letters, written reports and agendas. 
• Archival     Records 
Geographical information 




• Interviews:    Unstructured interview  
        Semi-structured interview 
        Structured interview 
• Direct observation:   Passive observation, ranging from formal to causal 
• Participant observation:   Investigator assumes active observation 
• Physical artefact:   Such as products, systems 
Yin (2003) further suggested three principles to establish reliability and validity of case study 
evidence. 
• Use multiple sources of evidence 
• Create a case study database  
• Maintain a chain of evidence 
This research gets the source of evidence mainly through interviews, documentation, archival, 
and physical artefact. Before interview, questionnaire was developed to measure the variables 
within innovation. It comprises of two parts: incremental innovation section and radical 
innovation section. Both parts use the same questions and options to collect data for 
comparative study. A semi-structure questionnaire was developed for interviewees to discuss 
and write down the relevant topics and issues freely. This approach can stimulate the 
interviewee’s positive response to retrieve “hidden” information and discover more potential 
issues. The questionnaire also provides further notes for interviewees to volunteer their own 
opinion beyond the confines of formal discussion document. The contents of interview are not 
influenced by researcher’s any initial intention or hypotheses. This approach also was widely 
supported by other scholars. (Dalton, 1959; Buegess, 1984) 
Besides collecting evidences from the interview, other evidences such as internal innovation 
documentation, product information on websites and real product observation are used for 
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gathering more detailed information. In addition, all interviews were recorded with permission 
of interviewees. It is an essential part of validation process to keep the original data for more 
accurate check in the data analysis.  
 
3.3.6 Analysis of evidence and information  
For analysis of the evidences, Yin (2003) suggested three analytical strategies: 
• Relying on theoretical propositions. 
Theoretical proposition is the most preferred strategy to sharp the data collection plan. The 
proposition helps to focus on relevant data through the research and organizes the case 
study and also defines alternative explanations. Yin regards theoretical propositions as 
extremely helpful tool to guide case study which answers to “how” and “why” questions. 
• Thinking about rival explanations 
This strategy is to define and test rival explanations. It can be relevant to the theoretical 
propositions which might include rival hypotheses and is especially helpful to the 
evaluations of case study. 
• Developing a case description.  
This analytic strategy is to develop a descriptive framework for organizing the case study. 
It is less preferable than theoretical propositions and rival explanations but serves as a 
good alternative when other approaches are difficult to work. 
Yin further indicates the best approach for case study analysis is to adopt a general analytic 
strategy. The analytical strategy in this study relies on theoretical propositions and adopts 
“content analysis” (Kumar, 1996) methodology to analyze the qualitative data. This analysis 
process has four steps: 
• Identify the main themes. 
• Assign codes to the main themes 
• Classify responses under the main themes 
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• Integrate themes and responses in the text of report.  
This research will determine some patterns within incremental and radical innovation model. 
The themes on the importance of innovation, product characteristics, design involvement & 
impacts, and collaboration are compared based on a template and the innovation processes are 
explored in a visual presentation for comparison study. In order to keep business 
confidentiality, company name are represented by numbers in this study. 
 
3.4 Limitations of the research  
This study will provide useful information in the determination of patterns between 
incremental and radical innovation However, the current research still has some limitations.  
• The samples in this study are still small. Due to the size of Singaporean design-driven 
industry and the willingness of participation, only six companies were involved in this 
study.  
• There were only a small number of radical innovations identified in this study. Due to the 
nature of companies in Singapore, it was not easy to find the revolutionarily radical 
products and some companies can only offer the semi-radical innovations for the case 
study.  
• Some respondents may not be the direct designers of the product exemplars in the case 
studies. In some degree, she/he may not be able to offer the comprehensive picture on the 
products. This may lead to the loss of some important information for the case study. 
However, supportive documents seek to overcome this issue. 
• Due to the nature of the case studies, the evidence is more qualitative than quantitative. 
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3.5 Summary  
This chapter identifies embedded multiple case studies as the research methodology in this 
study, which is the best way to determine the contemporary design and innovation patterns in 
current manufacturing firms. The principle of case selection is the “representative”, “the one 
next door” and “the best practice” approaches, and the source of evidence for case study is 
obtained mainly through interviews, as well as other approaches, such as documentation, 
archival, and physical artefact. The interview is based on semi-structure questionnaire. The 
analytical strategy of evidence in this study relies on theoretical propositions and adopts 
“content analysis” methodology. This chapter also provides some research limitations for 
better understanding of the research findings.  
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4. A DESCRIPTION ON THE FINDINGS OF CASE STUDY 
 
4.1 Introduction 
This chapter is to present a description on the findings of 6 case studies. Each case report is 
split into two sections, i.e. incremental innovation and radical innovation. Each section aims 
to provide information about how product innovation is conducted and how design has an 
impact on the innovation process. Other issues such as characteristics of innovative products, 
innovation objectives, collaborations in product development process are also presented in 
each section. A description of company background such as company size, business area, etc, 
is also provided. The questionnaire and six reports of case studies are attached in Appendix II.  
 
4.2 COM1 
4.2.1 Company background 
COM1 founded in 1986, is headquartered in Singapore with support offices in USA, Germany, 
Malaysia and Hong Kong. It is a leading ODM/OEM manufacturer as well as electronics 
design and contract manufacturer with excellent manufacturing facilities to offer one-stop 
service from product conceptualization to final mass production. 
 
4.2.2 Background information of innovation 
In 2007, COM1 launched more incremental innovations than radical ones, as shown in Table 
4.1  
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Table 4.1 Number of innovations launched in COM1 
 Incremental innovation Radical innovation 
Number of innovations/Launched in 2007 16-25 1-5 
Note: interviewees may provide the positive responses  
 
In COM1, The objectives of incremental and radical innovation were very different, as shown 
in Table 4.2. Incremental innovation focused on direct profit while radical innovation focused 
more on creation of new market, company images and brand value. 
 
Table 4.2 Objectives of incremental and radical innovation in COM1 
 Incremental innovation Radical innovation 
Objectives of innovation • Especially for ODM, updating 
technology, redesigning 
product form and reducing cost 
for  
• Good sale  
• High profit 
• To gain new revenue 
• Create new market industry 
• Boost company image  
• Add brand value 
 
4.2.3 Characteristics of product innovation  
Data Com- ADSL and wireless multimedia streamer (Table 4.3) were identified as the 
exemplar of incremental and radical innovation to illustrate the characteristics of these two 
innovation models respectively. Table 4.4 demonstrated a comparison between them. 
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Table 4.3 Product information about Data Com- ADSL and wireless multimedia streamer 
Innovation  Product 
name 









The current product is the ADSL2+ 
Ethernet USB router, which is targeted at 
the residential users. It is for both single 
user using Bridge mode with host based 
PPPoE Client and multi-users utilizing the 
ADSL2+ Ethernet USB Router inbuilt 
PPPoE/A, IP routing, NAT functionality to 







WL850MS is the latest high-performance 
networking product specifically targeted at 
media-tech users. The product answers the 
common call to provide a simple means to 
transfer or stream digital videos over a 
wireless network without lag noise while 
maintaining the best quality. 
 
Table 4.4 Comparison of incremental versus radical product characteristics in COM1 
Product name / product characteristic Datacom-ADSL Wireless multimedia streamer 
New product form Y Y 
New product function Y Y 
Upgrading technologies Y  
New technologies Y Y 
New material application  Y 
Appropriate usability  Y 
Current marketing Y Y 
New marketing   
 
Both incremental innovation and radical innovation share some common elements such as 
new product forms, new functions, and new technologies and focus on current market. 
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Radical innovation has applications of new materials and high level of product usability, while 
incremental innovation focuses on upgrading technologies applied on the old model. 
 
4.2.4 Innovation process, design impact and collaboration 
Figure 4.1 and Figure 4.2 illustrates the incremental and radical innovation process 
respectively. These two models of innovation process differ a lot, especially in the initial 
phases. For more information, please refer to Table 4.5, which shows the detailed comparison 
of incremental and radical innovation in relation to the product development process, design 
involvement, design impacts and the issues of collaboration.  
 
 




Figure 4.2 Radical innovation process in COM1 
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Table 4.5 Patterns of incremental and radical innovation in COM1 
 Incremental innovation  Radical innovation  
Innovation process • linear process  
• Contain six phases: marketing 
assessment, forecasting, concept 
model, Stage Gate (GO or No 
Go), actual development and 
launch 
• Process is concurrent and iterative 
• Difficult to describe the process 
clearly, the initial phase is fuzzy 
• Contain three main phases: research 
and exploration, concept 
development and production 





• Forecast phase  
• Concept model phase  
• Development phase 
 
Involves in all the phases:  
• Research and exploration phase 
• Concept development phase 
• Production phase 
Design impacts   Design impacts:  
• Concept generation 
• Styling 
• Usability 
• UI  
• Design coordinating. 
Design impacts:  
• Concept generation 





Designer are required to have: 
• Some knowledge rather than 
creativity such as: 
o Modelling technologies 
o Material finishing,  
o Mechanical structure  
Designer are required to have: 
• Creativity 
• Coordination to support the whole 
process  
• High ability of observation 
• In-depth insight of product usability 
• Research ability 
Collaboration  No collaboration, 100% internal No collaboration, 100% internal 
 
4.3 COM2 
4.3.1 Company background 
COM2, listed in the Singapore Stock Exchange, is a global leader in branded healthy lifestyle 
products. It has over 25 years of experience in developing innovative and reliable healthy 
lifestyle products, holding four focuses in Health, Hygiene, Nutrition and Fitness, including 
  65
massage chairs, air purifier, health supplements and treadmills. To date, its network covers 
more than 360 cities over 28 countries in Asia, Australia, Africa, the Middle East, United 
Kingdom and North America. 
 
4.3.2 Background information of innovation  
In COM 2, incremental innovation is called “time to market”, while the radical innovation is 
named as “time to innovation”. Table 4.6 shows the number of innovation launched in 2007 
which indicates that the majority of innovations were related to incremental innovation. 
 
Table 4.6 Number of innovations launched in COM2 
 Incremental innovation Radical innovation 
Numbers of innovation/Launched in 2007 5-10 1-2 
Note: interviewees may provide the positive responses                   
 
In COM2, there were various objectives of incremental innovation and radical innovation 
which can be seen in detail in Table 4.7. 
 
Table 4.7 Objectives of incremental and radical innovation in COM2 
 Incremental innovation Radical innovation 
Objectives of 
innovation 
• Reduce the cost of production  
• Roll out faster to get market share 
• Become market leader through 
launching radically new products  
• Explore new market potential  
• Keep the top brand image 
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4.3.3 Characteristics of product innovation 
The respondent identified Massage chair-UYOYO as the exemplar of incremental innovation 
and Uspace massage chair as the one for radical innovation to illustrate the product innovation 
characteristics. The detailed information of these two products is shown in Table 4.8, and the 
comparison of product characteristics are demonstrated in Table 4.9. 
 
Table 4.8 Product information about Massage chair-UYOYO and Uspace 
Innovation Product name Product photo Product introduction 
 







Uyoyo combines massage and 
exercise function to provide a 
deep and firm hybrid massage 
using a 4-roller system, 
vibration on the upper body and 
airbags on the back, seat and 
footrest unit. This product 
embodies three new 
Technologies: Air Pressure 
Roller Protrusion, "Human 
Touch" Massage Rollers, and 






Uspace is like an eggshell to 
deliver comfortable relaxation 
for users. It has 5 distinct 
combinations of clinically 
proven Mood Light, 
Synchronized Music and 
Massage Programmes. It 
enables user to live well by 
helping them to relax, sleep, 




Table 4.9 Comparison of incremental versus radical product characteristics in COM2 
Product name/ product characteristic Massage chair-UYOYO Uspace massage chair 
New product form Y Y 
New product function Y Y 
Upgrading technologies   
New technologies Y Y 
New material    
Appropriate usability  Y 
Current marketing   
New marketing Y Y 
 
Table 4.9 illustrates that both types of innovation adopted new product form, new functions, 
and new technologies, and were both launched into a new market. In particular, Uspace as the 
new product in market focuses more on usability. 
 
4.3.4 Innovation process, design impact and collaboration  
Figure 4.3 and Figure 4.4 illustrates the incremental and radical innovation process based on 
the projects: Massage chair-UYOYO and Uspace massage chair. These two models of 
innovation shared the same process in nature; only the initial phase was different. Radical 
innovation required more time and energy in the research stage. Table 4.10 presented the 
detailed comparison of incremental and radical innovation related to the product development 
process, design involvement, design impacts and the issues of collaboration, which clearly 




Figure 4.3 Incremental innovation process in COM2 
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Figure 4.4 Radical innovation process in COM2 
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Table 4.10 Patterns of incremental and radical innovation in COM2 
 Incremental innovation  Radical innovation  
Innovation 
process 
• Consists of seven phases: 
1. Assessment 
2. Concept 
3. Stage gate (Go or No Go) 
4. Engineering& ID 
5. Break board 
6. Stage gate (Go or No Go)  
7. Actual development 
• The process is more concurrent 
and less iterative. Concurrent is in 
the engineering and ID phase. 
Iterative is in the stage gate (Go 
or No Go) phase. 
• It shares the same process with 
incremental innovation. Only the 
initial phase is fuzzy and different. 
Managers try to keep it less fuzzy. 
Radical innovation requires more time 
to explore and develop. 
• Research  
• Assessment 
• Concept 
• Stage gate (Go or No Go) 
• Engineering& ID 
• Break board 
• Stage gate (Go or No Go)  
• Actual development 




Design participates in all phases, 
mainly involves in: 
• ID  
• Break board phase 
Design participates in all phases, mainly 
involves in: 
• ID  
• Break board phase 
Design impact Design impacts:  
• Product styling design 
• Prototype 
• User research 
• Project presentation 
• Coordination with other people 
Design impacts:  
• Product styling design 
• Prototype 
• More in-depth user research 
• Presentation  
• High involvement of coordination  
Designer 
requirements 
• High ability of aesthetic design 
• Finding ways to solve occurred 
usability problems 
• More focus on exploring and 
determining the potential use problems 
or requirements 
• Creativity and looking forward 
thinking 
Collaboration  • No collaboration 
• Sometimes only consultation 
involved 
• No collaboration 
• Sometimes only consultation involved 
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4.4 COM3 
4.4.1 Company background 
COM3 is one of the premiere manufacturers of high quality and performance audio/video and 
multimedia equipment. It is a leader in “design-driven” category of audio and home theatre 
systems and has received several Consumer Electronics Association Innovation Awards in 
2000, 2001 and 2002. Based on its research and development in electromagnetism, magnetic 
recording, acoustics and communications, COM3 introduces leading edge products that are 
widely available throughout the United States and Canada, as well as throughout the world.  
 
4.4.2 Background information of innovation 
In 2007, COM3 launched more incremental products than radical ones. The detailed 
information is listed in Table 4.11.  As elaborated by the respondent, incremental innovation 
and radical innovation had different missions in the business strategy, which is shown in Table 
4.12.  
 
Table 4.11 Number of innovations launched in COM3 
 Incremental innovation Radical innovation 
Numbers of innovation Launched in 
2007 
5-10 1-2 
Note: interviewees may provide the positive responses                  
 
Table 4.12 Objectives of incremental and radical innovation in COM3 
 Incremental innovation Radical innovation 
Objectives of 
innovation 
• Quick turn around  
• Gain margin 
Gaining profit is not necessary for radical 
innovation. It is to: 
• Explore new direction for the product house  
• Build the brand image 
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4.4.3 Characteristics of product innovation 
Incremental innovation (Display- LUMI) and radical innovation (Phoenix electrostatic 
speaker) were identified as the exemplars to illustrate the product characteristics. Table 4.13 
shows the background information about these two products. The comparison of these two 
products’ characteristics is presented in Table 4.14 which demonstrates that radical innovation 
covered more features than incremental innovation due to different levels of innovativeness.  
 
Table 4.13 Product information about Display- LUMI and Phoenix electrostatic speaker 
Innovation  Product name Product photo Product introduction 
 






LUMI’s screen panel equips the 
richness of the black lacquer piano 
finish. It can seamlessly connect to 
numerous multimedia devices with 
the HDMI and DVI and support 
highest quality computer display. 
LUMI also provides optimal viewing 
angle of over 160 degrees 







Phoenix electrostatic speaker makes 
music by vibrating diaphragms 
between oppositely charged plates. It 
has widened the optimal listening 
area by shaping the plates in its 
Phoenix speakers like teardrops. 
Each speaker has an integrated 
dual-cone subwoofer in order to 
bump up the bass. The two drivers 
move opposite to each other, 
cancelling out errant vibrations that 
would colour the sound. 
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Table 4.14 Comparison of incremental versus radical product characteristics in COM3 
Product name/ product characteristic Display- LUMI Phoenix electrostatic speaker 
New product form  Y 
New product function  Y 
Upgrading technologies Y  
New technologies Y Y 
New material   Y 
Appropriate usability Y Y 
Current marketing Y  
New marketing  Y 
 
4.4.4 Innovation process, design impact and collaboration  
The incremental and radical innovation processes based on the project Display- LUMI and 
Phoenix electrostatic speaker are presented in the Figure 4.5 and Figure 4.6. These two kinds 
of innovation shared the same process, but the content and emphasis were different.  Radical 
innovation required more research and definition, and the initial phases were fuzzy oriented. 
The comparison of the incremental and radical innovation related to the process, design 
involvement, design impact and collaboration are presented in table 4.15, which clearly 




Figure 4.5 Incremental innovation process in COM3 
 
 
Figure 4.6 Radical innovation process in COM3 
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Table 4.15 Patterns of incremental and radical innovation in COM3 
 Incremental innovation  Radical innovation  
Innovation process More likes design process 





• The process is iterative 
It shares the same process with 
incremental innovation. However, the 
content and emphasis are different. 
Radical innovation is expensive and risky. 
It requires more research and definition. 





The process is iterative  
Design 
involvement 
Design involves in all phases.  Design participates in all phases.  
Design impact The design impact is to ensure that 




• User experience  
• Packaging 
The design impact is to ensure that the 
design intent is maintained. 
• Research 
• Usability 





• Design details  • Product position 
• Design strategy 
Collaboration  Collaboration with external source 
in the technology and 
manufacturing. 





4.5.1 Company background 
COM4, one branch located in Singapore, is a global leader in healthcare, lighting and 
consumer lifestyle. It employs approximately 134,200 employees in more than 60 countries 
worldwide and holds 60,000 registered patents. It delivers people-centric, innovative products, 
services and solutions through the brand promise of "sense and simplicity". (See Philips 
website, http://www.philips.co.uk/about/brand/index.page) 
 
4.5.2 Innovation information 
COM4 has a mass of product industries in the global market. The launch information is 
presented in the Table 4.16 which showed that the number of incremental innovation was 3-5 
times higher than that of radical innovation. 
 
Table 4.16 Number of innovations launched in COM4 
 Incremental innovation Radical innovation 
Numbers of innovation Launched in 2007 approximately 100 15-30 
Note: interviewees may provide the positive responses 
 
Table 4.17 showed the objectives of incremental and radical innovation which revealed the 
obvious differences in the company business strategy. Incremental innovation was to maintain 
the current market shares and profit while the radical one was to expand or explore a new 
market and also to position the company’s image.  
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Table 4.17 Objectives of incremental and radical innovation in COM4 
 Incremental innovation Radical innovation 
Objectives of innovation • Maintain the profit for basic 
income  
• Keep the market share 
• Position Brand image 
• Explore new potential market  
• Push the frontiers 
 
4.5.3 Characteristics of product innovation 
Incremental innovation (Remote Control-Riva Wheel) and radical innovation (Living Colors) 
were identified as the exemplars to illustrate the product innovation characteristics. Table 4.18 
showed the basic information about them. The comparison of these two products is presented 
in Table 4.19, which showed that the “Remote Control-Riva Wheel” only added new 
technology for new functions due to “$1 feature” market strategy. The exemplar of radical 
innovation: “Living Color” based on current technology is a good example to illustrate that 
design creativity is an important tool for radical innovation.  
 
4.5.4 Innovation process, design impact and collaboration  
The process of incremental and radical innovation processes adopted by the project Remote 
Control-Riva Wheel and Living Colors are presented in the Figure 4.7 and Figure 4.8. These 
two kinds of innovation had different processes. The process for radical innovation was too 
complicated to describe, and was labelled “fuzzy front end”. In contrast, incremental 
innovation process was just a simple linear process. The comparison between incremental 
innovation and radical innovation related to the process, design involvement, design impact 
and collaboration are documented in Table 4.20. 
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Table 4.18 Product information about Remote Control-Riva Wheel and Living Colors 










The TV remote is particularly easy to 
use with large buttons for channel 
selection and volume. It is simply the 
best replacement for your broken or lost 
TV remote control and is a good choice 
to get maximum TV functionality with 
optimal convenience. The natural fit 





The living colors lamp, exclusively 
designed for interior use, contains 4 
LEDs (two red, one blue, one green.), 
and can produce a total of 16 million 
different color combinations for user to 
experience the living colors.  This 
living color lamp has a highly distinctive 
appearance with tough transparent 
surround. 
 
Table 4.19 Comparison of incremental versus radical product characteristics in COM4 
Product name / product characteristic Remote Control-Riva Wheel Living Colors 
New product form  Y 
New product function Y Y 
Upgrading technologies  Y 
New technologies Y  
New material    
Appropriate usability  Y 
Current marketing Y Y 





Figure 4.7 incremental innovation process in COM4 
 
 
Figure 4.8 Radical innovation process in COM4 
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Table 4.20 Patterns of incremental and radical innovation in COM4 
 Incremental innovation  Radical innovation  
Innovation process • Contains seven phases:  
1. Setting scene 
2. Workshop 




5. Proof of concept 
6. Consumer validation 
7. Actual development 
• The process is concurrent 
and iterative 
• The process is difficult to 
describe, and fuzzy front 
end.  
• It’s not the step-by-step 
process but overlaps a lot.  
• The process is more 
concurrent and iterative 
Design involvement Design nearly participates in all 
phases.  
• The leader role in the 
concept enrichment & 
validation phase and proof of 
concept phase  
• Participator in other phases.  
Design involves in all the 
phases. 
• Fuzzy front end 
• Product development 
Design impact  Design impact is to support the 
whole process works well.  
• Concept generation 
• Visualization  
• Design execution 
The impact of design in radical 
innovation still is the same with 
incremental innovation. 
Designer requirement Besides design skill, business 
and marketing knowledge are 
required for better execution of 
market-oriented product 
strategies. 
Everyone has the equal impacts 
implies designers need high 
ability of Coordination with 
other team numbers.  
Collaboration  No collaboration, it depends on 
projects. 





4.6.1 Company background 
COM5, one branch located in Singapore, is a global communications leader with a portfolio 
of technologies, solutions and services, including wireless handsets, wireless accessories, 
digital entertainment devices, wireless access systems, voice and data communications 
systems, and enterprise mobility solutions. It has been at the forefront of communication 
inventions and innovations for nearly 80 years. In 2007, the net sale is U.S. $36.6 billion in 
the global market. 
 
4.6.2 Innovation information 
In 2007, COM5 launched more radical innovations than incremental ones in Government & 
Public Safety business division. (See Table 4.21) 
 
Table 4.21 Number of innovations launched in COM5 
 Incremental innovation Radical innovation 
Numbers of innovation/Launched in 
2007 
6-9 10-15 
Note: interviewees may provide the positive responses                   
 
Incremental innovation and radical innovation in COM 5 had different emphasis in their 
business strategy, i.e. incremental innovation focused on maintaining the market share and 
radical innovation focused on the push of the boundary as shown in Table 4.22. 
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Table 4.22 Objectives of incremental and radical innovation in COM5 
 Incremental innovation Radical innovation 
Objectives of 
innovation 
• Follow up customer requests 
through rectifying and improving an 
existing system 
• Gain the market share and safe 
revenue 
• On-going research and 
exploration to push boundaries 
for better innovation 
• Show the company is always 
forward-thinking 
 
4.6.3 Characteristics of product innovation  
The respondent illustrated products such as two-way radio (incremental innovation) and bone 
conduction headset (radical innovation) to describe the innovation characteristics. (See Table 
4.23) The comparison of these two products’ characteristics is shown in Table 4.24. With 
incremental innovation, the Two-way radio had some updates of certain aspects of the product 
system, while bone conduction headset can be regarded as a revolutionary new product based 
mainly on new technologies. 
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Table 4.23 Product information about two-way radio and bone conduction headset 
Innovation  Product name Product photo Product introduction 
 






The ASTRO® XTL™ 1500 digital 
mobile radio is an affordable two-way 
choice for organizations with moderate 
communication requirements. Built to 
withstand the demanding conditions, 
the unit is capable of resisting dust, 
blowing rain, vibration, shock and 
many other rough situations. 
Compliance with Project 25 ensures a 
crisp, continuous and high-quality 
signal. The intuitive user 
interface means less time and money 






Bone conduction headset conducts 
sound to the inner ear through the bones 
of the skull. It amplifies the lower 
frequencies and positive reviews on 
sound quality in noisy environment, and 
most importantly, they represent the 
closest most of us will ever get to bionic 
implants. 
A headset is ergonomically positioned 
on the temple and cheek and the 
electromechanical transducer, which 
converts electric signals into 
mechanical vibrations, sends sound to 
the internal ear through the cranial 
bones. Likewise, a microphone can be 






Table 4.24 Comparison of incremental versus radical product characteristics in COM5 
Product name/ product characteristic Two-way radio Bone conduction headset 
New product form Y Y 
New product function  Y 
Upgrading technologies Y  
New technologies  Y 
New material  Y Y 
Appropriate usability Y Y 
Current marketing Y Y 
New marketing   
 
4.6.4 Innovation process, design impact and collaboration  
The incremental and radical innovation process based on the project two-way radio and bone 
conduction headset are listed in the Figure 4.9 and Figure4.10. These two kinds of innovation 
shared the similar process, but the content and intensity were different. The detailed 
comparison on the incremental innovation and radical innovation related to the process, 






Figure 4.9 Incremental innovation process  
          in COM5 
 
 
Figure 4.10 Radical innovation process  
           in COM 5 
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Table 4.25 Patterns of incremental and radical innovation in COM5 
 Incremental innovation  Radical innovation  




3. Design brief 
4. Conceptualization 
5. Stage gate 
6. 3D Data &engineering 
7. Manufacturing 
• The process is concurrent 
and iterative 
• The process is the same with 
incremental innovation, but 
the content and intensity in 
each phase are different.  
• Research and 
conceptualization phase is 
more important and 
intensive  
• The process is more iterative 
because of enough time 
permission 
Design involvement Design participates all the 
phases from exploration to 
shipping.  
Design is much intensive 
involvement in each phase.  
 
Design impact • Plan and shape the product 
portfolio of the company 
• Identify potential areas in the 
research stage 
• Explore the potential 
customer needs 
Designer requirement • Styling and aesthetics is not 
enough 
• High abilities to solve 
customer requirements. 
• High abilities to foresee the 
futures of products 
Collaboration  • Collaboration in engineering 
& technology,  
• Market research, such as 
trend research and samples 
• Design consultancies to 
supplement its product 
process  





4.7.1 Company background 
COM6, collaborated with one of the R&D centres in Singapore, is a global IT MNC 
(Multi-National Corporation) covering a broad range of product categories, including desktop 
computer systems, servers and networking products, mobility products, software and 
peripherals and enhanced services. Its business strategy combines revolutionary direct 
customer model with new distribution channels to reach commercial customers and individual 
consumers around the world. 
 
4.7.2 Innovation information 
In 2007, COM6’s Singapore branch launched much more incremental products than radical 
products (See Table 4.26).  
Table 4.26 Number of innovations launched in COM6 
 Incremental innovation Radical innovation 
Numbers of innovation/Launched in 2007 5-10 1-2 
Note: interviewees may provide the positive responses                  
 
In COM 6, Incremental innovation and radical innovation had different emphasis in business 
strategy. More information is presented in table 4.27. 
Table 4.27 Objectives of incremental and radical innovation in COM6  
 Incremental innovation Radical innovation 
Objectives of innovation • Avoid products drop behind 
through refreshing design 
language and improving 
product systems 
• Obtain revenue 
Different radical products have 
different strategies: 
• Explore potential market 
• Gain incomings  
• Sets up positive brand image 
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4.7.3 Characteristics of product innovation  
Projector-M209X and Crystal monitor were identified as incremental innovation and radical 
innovation respectively to describe the innovation characteristics. (See Table 4.28)  The 
comparison of these two products’ characteristics is listed in Table 4.29. Projector-M209X 
which involved incremental innovation only had upgrades in technologies as well as a 
redesign in the form to launch to current market. On the other hand, Crystal monitor under 
radical innovation, explored new application of current technologies and materials to create a 
new product, which demonstrated that design-driven creativity without new technologies 
support still can produce radical products. 
 
Table 4.28 Product information about Projector-M209X and Crystal monitor 









M209X projector is an 
ultra-portable, lightweight, 
high-resolution projection with 
maximum brightness of 200 
lumens, superior color accuracy 
and flexible connectivity 
options. This HD compatible 







Crystal monitor has ultra-clear 
tempered glass, highly polished 
metal tripod stand, unobtrusive 
connections, capacitive touch 
controls, integrated webcam, 
microphone and speakers, and a 
22” HD panel. It is recognized 
the innovative consumer 
electronics product and wins 




Table 4.29 Comparison of incremental versus radical product characteristics in COM6 
Product name/ product characteristic Projector-M209X Crystal monitor 
New product form Y Y 
New product function Y  
Upgrading technologies Y Y 
New technologies   
New material   Y 
Appropriate usability   
Current marketing Y Y 
New marketing   
 
4.7.4 Innovation process, design impact and collaboration  
The incremental and radical innovation process based on the project Projector-M209X and 
Crystal monitor are shown in Figure 4.11 and Figure4.12. These two kinds of innovation 
shared the same process, but the emphasis was different. Radical innovation focused more on 
initial phase than incremental innovation. The detailed comparison about the incremental 
innovation and radical innovation related to the process, design involvement, design impact 
and collaboration are presented in Table 4.30. 
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Figure 4.11 Incremental innovation process in COM6 
 
 
Figure 4.12 Radical innovation process in COM6 
  91
Table 4.30 Patterns of incremental and radical innovation in COM6 
 Incremental innovation  Radical innovation  
Innovation process • Consists of four phases:  
1. Research 
2. Concept model 
3. Refinement 
4. Production.  
• The process is rarely concurrent 
and iterative, but overlapping 
• The process is the same with 
incremental innovation, but 
different emphasis, especially 
in the initial phase. 




Design participates all the phases. Design involves in whole phase.  
Design impact Design impacts:  
• General research about the form 
establishment 
• PI (product identity) design  
• Prototype 
• Gate keeper in the production 
phase 
Design impacts: 




Design emphasizes on consistency of 
design language, which is essential for 
the brand identity 
More emphasizes on usage 
scenario and product creativity 
Collaboration  Mechanical and tooling supports • Mechanical engineering 
• Electric engineering 
 
4.8 Summary of the description on the findings 
This chapter provides an insight into the similarities and differences of incremental and 
radical innovation related to the product features, development process, deign involvement & 
impacts and collaboration within different companies. The cases in this study are the top-level 
local design-driven companies and branches of MNC located in Singapore, which can be 
treated as the representatives of good performance in the product design and innovation. The 
results of the case studies show that all the six companies recognize design and innovation (in 
particular, radical innovation) as an important tool for new business growth and in setting up 
the brand image. The key points of each case study raised by the research findings are 
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presented in the following: 
COM1 
• Innovation objectives: incremental products were for good marketing and high profit, 
while radical products were to create new market, boost brand and gain revenue. 
• Incremental and radical product characteristics: incremental product was introduced based 
on new and upgrading technologies and redesigned form, while radical innovation was a 
new one based on new technologies, materials and new form. 
• Innovation process: incremental innovation process was concurrent and iterative linear 
process, while radical innovation process was fuzzy, but also concurrent and iterative. 
• Design impacts: design involved in all the phases and has similar impacts for incremental 
and radical innovation. However, designers were required to have more basic knowledge 
and skills in incremental innovation and more creativity in radical innovation.  
• Collaboration: no external collaboration as all the development was internal. 
COM2 
• The importance of incremental and radical innovation: incremental innovation was to 
reduce costs and obtain market share, while radical innovation was carried out with the aim 
of the company becoming the market leader with the best brand image. 
• Incremental and radical product characteristics: incremental product was designed based 
on new technologies to add functions and also the redesigning of form, while radical 
product was a total new one based on new technologies, new form and functions. 
• Innovation process: radical innovation shared the same process with incremental 
innovation, but the initial phase was fuzzy and different. 
• Design impacts: design had the same impacts for incremental and radical innovation. 
However, design in incremental was more about aesthetic and to solve occurred problems, 
while design in radical innovation focused more on creativity and exploration of potential 
problems. 
• Collaboration: most of the time, there was no collaboration; rarely has any external 
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consultation been conducted. 
COM3 
• The importance of incremental and radical innovation: incremental innovation was to have 
quick turn around and gain margin, while radical innovation was to explore new direction 
and build brand image. 
• Incremental and radical product characteristics: incremental product was based purely on 
upgrading and adding new technologies to existing product without any changes in form, 
while radical product was launched as new one based on new technologies, new form and 
functions. 
• Innovation process: radical innovation shared the same process with incremental 
innovation, but the content and emphasis were different. Both kinds of innovation process 
were iterative.  
• Design impacts: design had the same impacts for incremental and radical innovation. 
However, design in incremental was more about detailed design, while design in radical 
innovation was more about product position and strategy. 
• Collaboration: external source in the technology and manufacturing. 
COM4  
• The importance of incremental and radical innovation: incremental innovation was to 
maintain the profit, while radical innovation was to position the brand image, explore new 
market and push frontiers. 
• Incremental and radical product characteristics: incremental product only adopted new 
technology for new function, while radical product was a revolutionary new one based on 
the new application of current technologies. 
• Innovation process: radical innovation was a fuzzy process, while incremental innovation 
was more like a linear process. Both two kinds of process were concurrent and iterative. 
• Design impacts: design had the same impacts for incremental and radical innovation. 
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However, design in incremental innovation required more business and marketing 
knowledge, while design in radical innovation needed more coordination to support the 
whole process. 
• Collaboration: it varied from project to project.  
COM5 
• The importance of incremental and radical innovation: incremental innovation worked on 
the basis of following up on the customers’ requests and to maintain market share, while 
radical innovation was to push boundaries for better innovation and enhancing Company’s 
image. 
• Incremental and radical product characteristics: incremental product was created through 
modification of existing product based on upgraded technologies and redesigned form, 
while radical product was a total new one based on new technologies, new materials and 
new form. 
• Innovation process: radical innovation shared the same process with incremental 
innovation, but the content and intensity were different. The processes could be concurrent 
and iterative.  
• Design impacts: design in incremental innovation was to plan product portfolio and solve 
problems that arose besides styling and aesthetics. In radical innovation, design was to 
explore potential needs. 
• Collaboration: for incremental innovation, there was external collaboration in engineering 
and technology, as well as market research. For radical innovation, design consultancies 
and material supply were sought. 
COM6  
• The importance of incremental and radical innovation: incremental innovation was to gain 
revenue, while radical innovation was to explore potential market, gain incomings and set 
up brand image.  
  95
• Incremental and radical product characteristics: incremental product was introduced with 
redesigned form and additional functions based on upgrading technologies, while radical 
product appeared as a new one based on new application of current technologies and 
materials. 
• Innovation process: radical innovation shared the same process with incremental 
innovation, but with different emphasis. Incremental innovation process was overlapping 
while radical innovation process was concurrent and iterative. 
• Design impacts: design impacts in incremental was similar to that of radical innovation 
including form establishment, prototype, etc. However, design in incremental innovation 
emphasized on consistency of design language, while in radical innovation, design 
emphasized on usage scenario and product creativity. 
• Collaboration: mechanical and engineering supports were sought after during the 
innovation practice. 
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This chapter is to present the integrated discussion of the findings from the literature review 
and case studies. The findings presented in the previous chapter provide insight into the issues 
about product design and innovation of each case, including: 1.) impact of innovation on 
business performance, 2.) characteristics of incremental and radical product innovation, 3.) 
incremental and radical innovation process, 4.) design involvement, impacts and requirements 
in the innovation process, and 5.) collaboration policy. The focus of this chapter is to identify 
the patterns of incremental and radical innovation within Singapore design-driven companies 
based on the analysis and findings of the six case studies. The following issues will be 
highlighted and reported in this chapter: 
• Incremental and radical innovation: the objectives related to business performance; 
• Understanding of the difference product characteristics between incremental and radical 
innovation; 
• Contents and emphasis of incremental and radical innovation process; 
• Design impacts and designer requirements for product innovation; 
• Features of collaboration in the product innovation process. 
This chapter will further compare some important theoretical features related to product 
design and innovation based on the analysis of research findings. 
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5.2 Innovation impact in business performance  
The case studies showed all the six companies covered incremental and radical innovations, 
which indicated that they adopted the integration of offensive and defensive business strategy. 
(Freeman, 1982; Jones, 1997) With the exception of one company (COM5), most companies 
reported that the number of incremental innovation was much more than that of radical 
innovation. (See Table 5.1) The reason could be that COM5 set up its Singapore branch as a 
research centre focusing more on product research and exploration. The purpose of radical 
innovation in COM5 was not for a new launch, but to explore the potential of new market and 
business. As a result, COM5 has abundant time and energy to explore more radical 
innovations.  
 
Table 5.1 Numbers of incremental and radical innovation in six case studies 
 COM1 COM2 COM3 COM4 COM5 COM6 
Incremental Innovation  16-25 5-10 5-10 ～100 6-9 5-10 
Radical Innovation  1-5 1-2 1-2 15-30 10-15 1-2 
 
As shown in Table 5.1, high proportion of updating or redesigned products (incremental 
innovation) was launched compared to the revolutionary new products (radical innovation). 
As most interviewees responded, the low number of radical innovations was attributed to its 
high cost, time-consumption and risk.(Anon, 2003; Veryzer,1998) However, all the six 
companies recognized that the importance of radical innovation cannot be substituted by 
incremental innovation and they all claimed radical innovation should be explored the best 
they can. Table 5.2 presents six companies’ views about the objectives of incremental and 
radical innovation related to their business performance. 
 
  98
Table 5.2 Comparison about the objectives of incremental and radical innovation in six cases  
 Incremental innovation  Radical innovation 
COM1 • Good sale  
• High profit 
• Create new market industry 
• Boost company image and brand value  
• To gain new revenue 
COM2 • Reduce the cost of production  
• Roll out faster to get market share  
• Become market leader  
• Explore new market potential  
• Maintain the top brand image 
COM3 • Quick turn around  
• Gain margin  
• Explore new direction for the product 
house  
• Build the brand image 
• Make money, but not necessary 
COM4 • Maintain the profit  
• Keep the market share 
• Position Brand image 
• Explore new potential market  
• Push the frontiers 
COM5 • Follow up customer requests  
• Gain the market share  
• safe revenue 
• On-going research and exploration to push 
boundaries for better innovation 
• Show the company is forward-thinking 
COM6 • Keep the product’s competitiveness 
• Obtain revenue  
• Explore potential market 
• Gain incomings  
• Sets up positive brand image  
 
As indicated in the Table 5.2, incremental and radical innovations have different but 
complementary impacts on business performance.  
• Incremental innovation: is the main force to maintain the profit and maintain the market 
share.  
All the six companies indicated incremental innovation is to provide better sale and obtain 
more revenue. The improvement and upgrading of product are based on customer’s 
requests or even to reduce costs to keep the product’s competency. High intensive 
competitions impel them to focus on incremental innovation to survive. Thus, the 
successful implementation of incremental innovation will be one of the key factors 
contributing to the success of the company. 
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• Radical innovation: has three impacts for business as shown in Table 5.2.  
o Push boundaries to create new potential market and detect market reactions 
All the six companies agreed that radical innovation can create new market directions. 
It is a powerful tool to make the company become market leader, as companies can 
push the current product boundaries into new areas for new business growth. Radical 
innovation meets this demand through the exploration of potential customer needs or 
identification of potential market. However, due to high cost and high market 
uncertainty, as some respondents revealed, most radical innovations were not “top sale”, 
some even fail, which indicated the development of radical innovation is not an easy 
task. That is why the number of radical innovation is far fewer than that of incremental 
innovation in most companies. Most of the time, radical innovation plays the pilot role 
to detect market expectations. After the launch of the radical products, feedback from 
market (customers or users) can provide more appropriate directions for forthcoming 
next generation products in order to gain a better market position. These approaches 
have been widely adopted in the strategy of car industry which produces concept car in 
the exhibition show to test market reactions and feedbacks. (Keinonen and Takala, 
2005) 
o Boost company image and add brand value. 
All the respondents indicated radical innovation can have significant impact on the 
brand value and company image. In general, radical innovation can positively deliver 
the message that the company is forward thinking when the customers see the 
innovations in the advertisement or try them on the market, sometimes in exhibition 
show. On another hand, radical innovations can attract more investments from 
stakeholders or other sources. Even though the sale of radical innovation may not be a 
success, the brand value is still strengthened due to the positive and forward thinking 
image portrayed by the company. Thus, most well-known brand companies launched a 
few radical products every year to keep customers interested and demonstrate the latest 
excellent research achievements to the public and competitors. 
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o To gain revenue  
Almost half of the respondents indicated gaining revenue is also one of the main 
objectives of radical innovation. As the newly launched radical innovative product may 
attract more customers to buy the product, generally, the price of radical products is 
much higher than incremental products. However, as most respondents indicated, the 
revenue gained by radical innovation is limited. The potential is the creation of new 
market for better incomings.  
As discussed above, incremental innovation mainly focuses on the maintenance of market 
share and revenue, while radical innovation mainly attempts to create new market areas, boost 
company image and add brand value. The former concentrates on the current market and 
resolves problems that occurred on existing product. The latter is more focused on the future 
of the company and leads the market trends. Based on the different but complementary 
directions and missions between incremental and radical innovation, it suggests companies 
should operate these two kinds of innovation in parallel to consolidate current product 
families and explore new market areas for continuous growth. Due to low cost and risk of 
incremental innovation, companies prefer to develop incremental products; the importance of 
radical innovation is ignored for a long time. This case study emphasizes the impacts of 
radical innovation and suggests companies to recognize it, especially for those companies 
seeking to set up brand image. 
 
5.3 The relationship between innovativeness and product characteristics 
The research finding indicates the characteristics of every incremental and radical innovation 
in each company vary due to the different market requirement and business strategy, etc. Table 
5.3 and 5.4 list all the 12 projects’ product characteristics (six incremental innovations, six 
radical innovations) in the format of matrix. Figure 5.1and Figure 5.2 presents a comparison 
of incremental and radical product characteristics based on the finding reports from Table 5.3 
and Table 5.4. 
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Table 5.3 Incremental innovation characteristic of six companies 











New product form Y Y   Y Y 
New product function Y Y  Y  Y 
Updating technologies Y  Y  Y Y 
New technologies Y Y Y Y   
New material      Y  
Appropriate usability   Y  Y  
Current marketing Y  Y Y Y Y 
New marketing  Y     
 
Table 5.4 Radical innovation characteristic of six companies 











New product form Y Y Y Y Y Y 
New product function Y Y Y Y Y  
Updating technologies    Y  Y 
New technologies Y Y Y  Y  
New material  Y  Y  Y Y 
Appropriate usability Y Y Y Y Y  
Current marketing Y   Y Y Y 






Figure 5.1 Comparison of product characteristics between incremental and radical innovation 
 
              
Figure 5.2 Market information of incremental and radical products  
 
From Figure 5.1 and 5.2, it can be found that differences in the product characteristics exist in 
incremental and radical innovation.  
• Incremental innovation: The uses of form, functions, new or upgrading technology are the 
main focus of most incremental products (66.6%). Surprisingly, usability was not the main 
focus, only 33% of products adopt this means.  Material application (16.7%) became the 
last option for incremental innovation. Obviously, product redesign focusing on the aspects 
of changing form, adding or changing function, upgrading technologies or adopting new 
technologies is the main measure to conduct the incremental innovation. However, the 
interviewees did not explain the reason why they paid less attention on the new material 
and usability .Maybe the application of new material in products is restricted by the 
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business strategies in market segments or new material is not necessary to utilize due to 
cost or some other factors in incremental innovation. For the usability, maybe by default, it 
is part of the design and the respondents ignore such an issue. Although incremental 
innovation is to improve or upgrade products for existing market, there are still 16.7% 
products for new market through re-defining the market position and refining the products. 
• Radical innovation: all respondents agreed that new product form (100%) is the 
fundamental factor for radical innovations. 88.3% products own new functions and 
appropriate usability, and 66.7% products apply new technology and new material. Only 
33.3% products only apply the upgraded technologies. These findings show that radical 
innovation highly involves new form, new function, new technology, new material and 
usability, while updating technology has relative low involvement. This means that most 
radical innovations are pushed or supported by new technology applications to present 
revolutionarily new features including form, function and material to the world. However, 
as shown in the Table 5. 2, there are still a fraction of radical innovations driven without 
advanced technologies but by new applications of current or upgrading technologies, 
which may imply design can be the creativity force to drive these current technology-based 
innovation. COM4’s living color and COM6’s crystal monitor are the typical samples. 
These two products based on current and upgrading technologies offer people 
revolutionarily new perception and new use experience. Comparing to incremental 
innovation, usability test is more highly involved in the radical innovation. That may be 
because radical innovation needs to focus more on interaction between product and users 
to provide new use experience for people. Although radical innovations are new for the 
world, they are still launched both for current market and new market according to the 
market strategies. This echoes the radical and semi-radical innovation of Davila et al 
(2005). The degree of innovations can be influenced not only by technology but also by 
business (marketing) orientation.  
Based on the discussion above, it can be seen that incremental and radical innovations have 
different patterns. 
  104
a) Incremental innovation: redesign and upgrading technology -oriented  
Incremental innovation needs to consider cost, development schedule and market risk. As 
discussed previously, these products mainly focus on redesigning the product form and 
applying the upgraded technologies to improve their functions. In some cases, incremental 
innovation also involves new technologies or new materials; however, there is a big difference 
in the purpose of adopting new technologies between incremental and radical innovation. In 
incremental innovation, new technologies and materials are used to assist improvement of 
existing product system, while radical innovation adopts new technologies or new materials as 
the innovation drive to develop extremely new products. 
b) Radical innovation: design &creativity and new technology -oriented 
Comparing to incremental innovation, radical innovation is far beyond the current products.  
As discussed above, there are two kinds of orientation in the radical innovation. One is new 
application of current technologies or materials for innovation. This type of radical innovation 
is design and creativity orientation, which requires the development team with open-minded 
thinking to identify potential opportunities. The other is new technology orientation. This type 
of radical innovations involves the application of new developed technologies. The role of 
design is only to support the transformation of technologies into a real product.  
 
5.4 Understanding of innovation process  
The research finding shows that innovation process and activities in each company exists a 
little differences. These differences may be related to each company’s execution preference 
and project situation. However, this does not suggest there is no consistent pattern to describe 
and generalize the innovation process. In fact, after a detailed analysis, it is not difficult to 
identify that all the twelve innovation process generally consists of five main phases: 
research& assessment, concept generation, evaluation, production and launch, which is called 
“five steps” process in this thesis (See Figure 5.3). The “five-step” process is similar to that of 
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new product development process suggested by Crawford (1997) but with an integration 
research process as a start point of innovation. According to the research finding, in each main 
phase, innovation activities are various from one company to another. Figure 5.4 presents six 
companies’ innovation activities in each phase for comparison analysis.  
 
 
































Figure 5.4 Comparison of incremental and radical innovation process in six companies 
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Based on the report of Figure 5.4 and research finding in the previous chapter, three essential 
patterns can be identified: 
• Innovation activities in each phase vary from one company to another, which depend on 
company’s execution preference and project situation. 
As shown in Figure 5.4, most of the companies’ innovation processes cover activities in 
each of the five phases except COM1 and COM4’s radical innovation process. In case of 
radical innovation in COM1, a concurrent process was adopted and the evaluation is 
integrated with research and concept development phase, while for COM4’s radical 
innovation, both concept generation and evaluation are integrated in the research phase. 
The fuzzy radical innovation process in COM1 and COM4 are unique and different from 
others. Figure 4.5 also illustrates, in each phase, the innovation activities in each company 
are different. For instance, research and assessment phase in COM1 is market assessment 
and forecasting, while in COM5, is user research, market research and analysis& 
interpretation. The activities in concept generation phase in COM2 and COM4 are more 
complex than those in other companies. These differences may suggest that although each 
company share the “five steps” innovation process, the activities and sequence of 
sub-phases in each phase are various due to the company’s execution preference and 
project situation. This further implies that product innovation process should be managed 
in a flexible way; sometimes it can even break through the tradition for a more appropriate 
process, such as radical innovation process in COM1 and COM4. 
• For most companies, radical innovation shares the same process with incremental 
innovation, but the contents of activities and emphasis are different; the sequence of 
sub-steps is fuzzy, especially in the initial phase. 
Based on the Figure 5.4, there are some common yet different patterns between 




Table 5.5 Reports on the association between incremental and radical innovation process 
COM1 • Radical innovation process is difficult to describe clearly 
• The research and exploration phase is fuzzy front end 
COM2 • The same process with incremental innovation.  
• Only the initial phase is different and fuzzy front end. 
COM3 • The same process with incremental innovation.  
• The content and emphasis are different. The initial phases are often fuzzy. It 
requires more research and more definition. 
COM4 • Radical innovation process is difficult to describe. The initial phase is fuzzy front 
end. 
• It is not the step by step process but overlap a lot.  
COM5 • The same process with incremental innovation, but the content and intensity in each 
phase are different.  
• Research and conceptualization phase is important and intensive.  
COM6 • The same process with incremental innovation, but different emphasis, especially in 
initial phase.  
• Radical innovation focuses more on initial phase than incremental innovation.  
 
Four respondents (COM2, C0M3, COM5 and COM6) indicated that both radical and 
incremental innovations share the similar or same process, only two companies (COM1, 
COM4) reported radical innovation process as fuzzy and difficult to describe clearly. This 
suggests most companies have clear roadmaps for developing radical innovation. Due to 
high uncertainty of technology, unfamiliarity of market and time-consuming development 
in the radical innovation (Ali, 1994; Morone, 1993), most respondents reported though 
radical innovation share the same process with incremental innovation, the sub-process and 
activities in each phase are more fuzzy and complex, especially in the initial research and 
exploration phase. Radical innovation is to push the frontier and create something new to 
the market, which demonstrates the initial research phase is the most important activity in 
the whole process to determine project a success or failure. Thus, radical innovation 
requires much more efforts in the intensive research and definition in the initial stage. The 
fuzzy process implies radical innovation is managed in a flexible manner for better 
innovation. This is agreed by Veryzer (1998), who claimed the appropriate “looseness” 
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management in radical innovation didn’t mean poor implementation. 
In conclusion, the evidence shows that radical innovation shares the similar process with 
incremental innovation, but with a different fuzzy process in initial phase and different 
contents and emphasis. These research findings agree with the viewpoint of Veryzer (1998), 
who indicated radical innovation is inherently messy, especially in the early stage. Further, 
he pointed out that radical innovation process is very different from the incremental 
(conventional) process, which conflicts with the outcome shown in this study. This could 
be due to the nature of radical innovations in Singapore being more inclined towards 
semi-radial than radical innovations. 
• Radical innovation is running with a concurrent and iterative process. Iterative occurs more 
frequently than concurrent in both incremental and radical innovation.  
 
Table 5.6 Innovation process about concurrent and iterative  
 Incremental innovation process Radical innovation process 
COM1 Concurrent and iterative More concurrent and iterative 
COM2 Concurrent and little iterative. Concurrent and iterative 
COM3 Iterative Iterative 
COM4 Concurrent and iterative. More concurrent and iterative 
COM5 Little concurrent and could be iterative. More iterative 
COM6 No concurrent and no iterative, but 
overlapping  
Concurrent and iterative 
 
Table 5.6 shows that only two companies reported the process of incremental innovation is 
both concurrent and iterative. One company reported neither concurrent nor iterative. The 
rest companies reported only either concurrent or iterative. In contrast, most companies 
(N=4) responded the process is more intensive concurrent and iterative for radical 
innovation. Only two companies reported the process is iterative without concurrent. These 
findings suggest radical innovation process should be concurrent and iterative to ensure the 
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products are in the right direction and the process operates in right way. This difference 
between these two innovation models can be attributed to ample time for radical 
innovation development and tight schedule for incremental innovation. Another research 
finding shows that iterative has more occurrence than concurrent in the process, implying 
iterative is more important and necessary to ensure each phase works well. However, 




5.5 Design features in the innovation process 
Based on the research findings, the design involvement, design impacts and requirements of 
designers in incremental and radical innovation are presented respectively in Table 5.7, Table 
5.8 and Table 5.9. 
Table 5.7 Six companies’ design involvement in incremental and radical innovation  
 Design involvement in incremental 
innovation  
Design involvement in radical innovation 
COM1 • Forecast phase  
• Concept model phase  
• Development phase 
• Design involves in all the phases. 
 
COM2 • Design participates in all phases, mainly 
involving in the ID and break board 
phase.  
• Design participates in all phases, 
mainly involving in the ID and break 
board phase. 
COM3 • Design involves in all phases. • Design participates in all phases.  
COM4 • Design nearly participates in all phases.  
• Leader in the concept enrichment & 
validation phase and proof of concept 
phase. 
• Participator in other phases  
• Design participates in all phases.  
 
COM5 • Design participates in all the phases. • Design is much higher involvement in 
whole phase. 
COM6 • Design participates in all the phases. • Design participates in all phases.  
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Table 5.8 Six companies’ design impacts in incremental and radical innovation 
 Design impact in incremental innovation  Design impact in radical innovation 
COM1 • Concept generation 
• Styling 
• Usability 
• UI  
• Design coordinating 
• Concept generation 
• Styling  
• Coordination 
 
COM2 • Product styling design 
• Prototype 
• User research 
• Project presentation 
• Coordination with other people 
• Product styling design 
• Prototype 
• More in-depth user research 
• Presentation  
• High involvement of coordination  
COM3 • Research 
• Usability 
• UI 




• Design execution  
COM4 • Concept generation 
• Visualization  
• Design execution 
• Concept generation 
• Visualization  
• Design execution 
COM5 • Plan the product portfolio of the 
company 
• Identify potential areas in the research 
stage 
• Explore the potential customer needs 
COM6 • Research about the form establishment 
• PI (product identity) design  
• Prototype 
• Gate keeper in the production phase 
• Research about the form establishment 
• PI (product identity) design  
• Prototype 
• Gate keeper in the production phase 
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Table 5.9 Designer requirements in incremental and radical innovation within six companies 
 Designer requirement  in incremental 
innovation  
Designer requirement in radical 
innovation 
COM1 Basic knowledge such as: 
• Modelling technologies 
• Material finishing,  
• Mechanical structure 
• Creativity 
• Coordination to support the whole 
process  
• High ability of observation 
• In-depth insight of product usability 
• Research ability 
COM2 • High ability of aesthetic design 
• Ability to solve occurred usability 
problems 
• Exploring and determining the potential 
use problems or requirements 
• Creativity and looking forward thinking 
COM3 • Ability of detail design • Product position 
• Design strategy 
COM4 • Design skills 
• Business and marketing knowledge 
• High ability of Coordination  
COM5 • Styling and aesthetics 
• High abilities to solve customer 
requirements 
• High abilities to foresee the futures of 
products 
COM6 • Consistency of design language • Usage scenario and product creativity 
 
According to Table 5.7-5.9, it is suggested that design is involved in the whole innovation 
process. Design in both incremental and radical innovation has an impact on the value, image, 
process and production. (Trueman and Jobber, 1998) However, differences in the contents of 
design impacts exist between incremental and radical innovations, and the requirements for 
designers are also different.  
 
5.5.1 Design involvement in the innovation process 
As shown in Table 5.7, for all the six companies, design has involvement in all the phases 
both in incremental and radical innovation, from research to launch. According to the intensity 
of involvement, design activities can be divided into two different roles: One is the leading 
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role in the concept generation and design execution phases. The other is the participator role 
in other phases such as research & assessment, evaluation and production to support the 
effective operation of the innovation process and to ensure design strategies are in good 
implementation. As such, according to the phases of innovation process, it is demonstrated 
that the intensity of design involvement in the early stages and final stages is relatively low; 
while in the concept generation and evaluation phase, design has high involvement due to 
design execution. As design’s partner, engineering has low involvement in the initial phases 
and high involvement in the final phases. In contrast, engineers have relatively lower 
involvement in the initial phases and higher involvement in the final phases. Engineering 
supports the innovation in the concept and design execution phases and later design supports 
the engineering to realize the product concept for launch. Based on the discussion above, this 
research develops a theoretic framework about the intensity of design and engineering 




Figure 5.5 Intensity of design and engineering involvement in the development process 
 
5.5.2 Four levels of design knowledge in the product innovation 
As presented in the Table 5.8, within both incremental and radical innovation, design plays an 
important role and has various impacts on all the phases. Various design activities required a 
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lot of knowledge to execute design tasks, which can be categorised into four levels: basic 
operations & skills, tacit knowledge, design strategic knowledge and visionary capabilities. 
Based on Hytőnen et al’s (2004) model, a new level of capability has been added, i.e. 
visionary capability.   
Basic operations & skills: these are the basic requirements for design execution. The main 
operations and skills presented in Table 5.8 are product styling, aesthetics, prototyping, 
sketching, usability and user research; sometimes UI (user interface) and packaging also need 
designers to accomplish. Besides, a lot of other design related knowledge, such as modelling 
technologies, material finishing, mechanical design, supply chain, business and market 
knowledge is required to be understood by designers.  
Tacit knowledge: this study also discovered tacit knowledge related to personal features such 
as coordination capabilities, design presentation skills and negotiation abilities is important in 
the innovation process. Many subjects mentioned that coordination is an essential design 
impact. (See Table 5.8, 5.9) Design or innovation requires this tacit knowledge for better and 
smoother execution.  
Design strategic knowledge: As reflected in Table 5.8 and Table 5.9, there are many 
responses indicating that design strategy, product position and branding are very essential in 
the product innovation. These design strategic knowledge focuses much more on product 
portfolios and branded house (Kapferer, 2004). It belongs to the strategic management level. 
This research finding illustrates that design is recognized in some companies to optimize the 
product position and brand image. For instance, COM3 used design strategy to set up the right 
product position. COM6 adopted design language to build up the product identity to deliver 
consistent brand image to public. As a strategic role, designers are required to have high level 
of knowledge in business, marketing, finance and design management. In this way, designers 
can have a shared language with business managers for better understanding of product 
strategy, which is helpful for design execution. 
  118
Visionary capabilities: As shown in Table 5.8 and Table 5.9, most interviewees indicated 
designers should be creative, forward thinking and predict what is the new user scenario for 
the new design, which is coined as visionary capabilities. Visionary capability is beyond the 
product style design, which focuses more on finding new solutions, new user experiences or 
approaches for future products. It considers what the products are supposed to be without 
being restricted by the current product systems. All the companies indicated designers should 
have such creative abilities to explore the potential customer needs and develop revolutionary 
new product for the future. Therefore, design plays a very important role in product 
innovation, especially for radical innovation. It requires designers with a systematic 
knowledge for visionary capability: high ability of observation, in-depth insight of product 
usage scenario, broad research ability, and creative-thinking genius. As discussed above, 
Figure 5.6 presents these four levels of design knowledge for better understanding. 
 
 
Figure 5.6 Classification of design knowledge 
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5.5.3 Design knowledge required in incremental and radical innovation  
Table 5.8 and Table 5.9 show design impacts on incremental and radical innovation are 
various. For incremental innovation, design is to solve the existing problems. It plays more on 
product form and function, and covers activities such as concept generation, product aesthetic, 
usability, prototyping, presentation, coordination, product portfolio and strategy planning. 
According to these activities, it can be seen that incremental innovation requires 1) basic 
operation & skills, 2) tacit knowledge and 3) design strategic knowledge. For radical 
innovation, design needs to explore new potentials, which covers activities such as creativities, 
basic research, as well as product styling, usability, prototype, presentation and coordination. 
Thus, it is suggested that design in radical innovation focuses on 1) basic operation & skills, 2) 
tacit knowledge and 3) visionary capabilities. Although incremental and radical innovations 
require broad ranges of design knowledge, they still have their own emphasis. As most 
responses indicated in Table 5.8 and Table 5.9, the most intensive design knowledge required 
in incremental innovation is basic operation & skill, while design in radical innovation 
emphasizes more on creative knowledge. Basic design skills are required to support the 
realization of creative concepts. 
Based on the discussion above, Figure 5.7 presents the allocation of design knowledge in 
incremental and radical innovation. This figure shows basic operation & skills and tacit 
knowledge are required by both incremental and radical innovation. However, visionary 
capability is the most important for radical innovation, while basic design knowledge and 




Figure 5.7 Allocation of design knowledge in incremental and radical innovation. 
 
5.6 Innovation collaboration 
External collaboration was examined in the study. Table 5.10 shows the summary of current 
innovation collaboration tendency.  
Table 5.10 Innovation collaboration of six companies  
 Collaboration in incremental innovation  Collaboration in radical innovation 
COM1 No collaboration No collaboration 
COM2 • No collaboration 
• Sometimes consultation involves. 
• No collaboration 
• Sometimes consultation involves. 
COM3 Collaboration in 
• Technology  
• Manufacturing 
Collaboration in 
• Technology  
• Manufacturing 
COM4 No collaboration, depend on projects No collaboration, depend on projects 
COM5 Collaboration in  
• Engineering & technology 
• Market research 
Collaboration in  
• Design consultancies to supplement its 
product process  
• Vendors to provide new material 
samples 
COM6 Collaboration in 
• Mechanical engineering 
• Tooling supports 
Collaboration in  
• Mechanical engineering  
• Electric engineering 
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Half of the companies (COM1, COM2, and COM4) report there was no collaboration. 
However, some hidden background information based on the cases reported in previous 
chapters should be clarified for accurate analysis. COM1 is one example of an OEM company 
that specially contract-manufactures products for other companies. It has excellent 
manufacturing facilities and outsource is unnecessary. For COM2, though there was no 
collaboration, external consultation was still involved. COM4 reported no collaboration for 
projects Control-Riva Wheel and Living Color. However, the respondent further indicated that 
collaboration depends on projects, and it differs very much from project to project, which 
implies innovation collaboration still existed in COM4 for other projects. The evidence 
therefore shows that most companies in the study have policies about innovation collaboration 
and partnership. In addition, the content of innovation collaboration in each company depends 
on the capability and requirements. In this study, most of the companies seek to external 
collaboration mainly on engineering, technology and manufacturing, which implies that, 
according to the types of collaboration (Tidd, et al., 2005), Singapore design-driven 
companies seek collaboration mainly on sub-contract for reducing cost and risk and 
cross-licensing for Technology acquisition.   
For the early stages of innovation process, there is no report on the collaboration activities 
except consultancy (COM2). These findings may imply these famous local companies and 
multi-national corporations have powerful and intensive basic research abilities. In another 
aspect, the research finding demonstrates there is no big difference in the components of 
collaboration between incremental and radical innovation.  
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5.7 Summary  
The research findings and discussions produced some important information about 
incremental and radical innovation. Those two models of innovation shared some similarities 
as well as differences as follows: 
• Incremental and radical innovations have different positions in the business strategy. 
Incremental innovation is the main force to maintain the profit and gain market share. It 
considers the time of launch and issue of cost. Radical innovation is mainly to push the 
boundaries for create new market direction as well as boost company image and add brand 
value. 
• Difference exists in the product characteristics between incremental and radical innovation. 
Incremental innovation tends to be redesign and upgrading technology-oriented, while 
radical innovation has two types: design &creativity-oriented and new technology 
-oriented and it focuses more on usability due to the new launch to the market. 
• This research indicates incremental and radical innovation share a similar process, but the 
contents of activities and emphasis in each phase are different. Radical innovation focuses 
more on initial research phase, which is called fuzzy front end. Innovation activities in 
each phase vary from one company to the other due to company’s execution preference 
and project nature. Radical innovation runs more concurrently and iteratively than 
incremental innovation. Process iteration occurs more frequently than concurrent in both 
incremental and radical innovation.  
• There is a common agreement that design is involved in all the innovation development 
phases. Design generally plays two types of roles: one is the leader in the concept 
generation and design execution phases and the other is a participator in other phases. For 
product innovation, designers are required to have four levels of knowledge: basic 
operations & skills, tacit knowledge, design strategic knowledge and visionary capabilities. 
Due to different innovativeness, incremental innovation requires design knowledge in 
Basic knowledge & skills, tacit knowledge and design strategic knowledge, while radical 
innovation requires basic operations & skills, tacit knowledge and visionary capabilities. 
  123
• External innovation collaboration occurs in most of the companies, and it mainly focuses 
on the engineering, technology and manufacturing in the production phases for reducing 
cost, risk and technology acquisition. In addition, there is no big difference in the 
components of collaboration between incremental and radical innovation. 
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6. CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH 
 
6.1 Introduction  
This final chapter is to conclude the research findings and identify significant design and 
innovation issues emerged from the study, which focuses on innovation strategy, innovation 
process, and design patterns.  
This chapter also reports an overview of possible future research directions generated from 
this research, which can provide a more in-depth understanding of product design and 
innovation further. 
 
6.2 Issues about product design and innovation 
6.2.1 Innovation strategy: recognize radical innovation  
This study has demonstrated that incremental and radical innovations have different positions 
in business strategy.  
Companies prefer to develop incremental innovation due to its relatively shorter time frame, 
low risk and cost. However, though radical innovation incurs high cost and is risky to explore, 
companies cannot ignore but should instead recognize its key effects on creation of new 
market and enhancement of brand image which cannot be achieved by incremental innovation. 
In this study, all the companies are famous for their excellent achievement of product 
innovation. They have developed incremental innovation for current market and explore 
radical innovation for future potential market. In this way, companies can maintain the market 
advantage and also become the market leaders and keep its product advantage without failing.  
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6.2.2 Manage incremental and radical innovation in different way 
This research suggests that the processes of incremental and radical innovation are similar. 
However, the sub-steps in radical innovation are more complex and fuzzy than that of 
incremental innovation, especially in the initial phases, which show that innovation execution 
in radical product innovation should not be in a linear process as with incremental innovation. 
Due to uncertainty of market, new technology and high demands of various people, radical 
innovation process cannot possibly be structured and formal. It should be managed in a more 
flexible and iterative way to ensure a successful outcome, which is called “fuzzy process”. In 
contrast, this study found incremental innovation process as more structured, which is less 
iterative since the innovation outcome only simply required the upgrading and modifying of 
the existing product.  
Although radical innovation is more difficult and longer time is required to develop, and some 
times carry high failure risk due to some key locks or shortages, managers/designers should 
recognize the toughness of the radical innovation and pay more energy to manage it in an 
unconventional way in order to maintain the company’s leading position. 
 
6.2.3 Design patterns 
• Design impact: required knowledge and skills for incremental and radical innovation are 
different. 
The design impacts in incremental and radical innovation vary a lot. Incremental 
innovation requires basic design skills and operational knowledge whilst radical innovation 
needs more visionary capabilities. This proposes that the manager should consider 
carefully whether the design role is in good effort. Designers with different advance talents 
and skills should be assigned to appropriate positions in their best effort.  
• Design education in a holistic approach 
The research has indicated that the designer has an important position to play in 
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accelerating the innovation pace through leading and supporting the whole process from 
business strategy decision to manufacturing and launch which demonstrates that the 
designer needs to have systematically wide and in-depth knowledge in four levels to 
achieve the design tasks: basic operation & skills, tacit knowledge, design strategy 
knowledge and visionary capabilities. This evokes the appropriate design recruitment and 
training. This research finding suggests that design education should review the design 
training to move away from traditional view of design as aesthetics & styling towards a 
new perception of design in systematic curriculum including creativity, strategy and 
management. Designers should be trained in a holistic approach and broader based design 
programs which cover a multi-disciplinary approach, such as the involvement of business 
management, marketing, engineering etc in the design project. In this way, there is a good 
linkage between educational institutions and companies, which is beneficial for graduates 
to get the appropriate knowledge and skills for future careers. 
 
6.3 Further research 
This study has presented the comparison between incremental and radical innovations in the 
business position, product characteristics, product development process, design impact and 
collaboration policy. It further generates corresponding theories based on the research findings. 
However, there is still a need to identify the research areas for the future raised from this study, 
in order to build up a more comprehensive picture for product innovation. 
 
6.3.1 Quantitative survey for broader research 
This study adopted qualitative approach to identify the patterns of incremental and radical 
innovation. Six cases were involved in the study and the research findings provide an in-depth 
explanation. However, it is encouraged that the future study should adopt another 




6.3.2 Patterns of incremental and radical innovation in other industries 
This research identifies the patterns of incremental and radical innovation in electronic and IT 
products industries. Carr (1999) argued that every industry has different degree of focus in 
innovation. The findings of this research may therefore not represent the patterns of 
innovation for other industries such as furniture, packaging, food or service industries. Further 
studies in analyzing the patterns of innovation in other industries will be important to provide 
a comprehensive picture about design and innovation within Singapore industries as a whole.  
 
6.3.3 Product design and innovation in less design-driven companies 
This study is based on the study of design-driven companies. It is also interesting to see if 
there is any differences existed between the design-driven and less design-driven companies. 
Exploring the other side of the picture will receive useful information related to how do they 
use or not use design within their innovation which is good complementary knowledge with 
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Appendix I Case Studies Report 
                             Case study 1 
Company information 
Founded in 1986, COM1 is headquartered in Singapore with support offices in USA, 
Germany, Malaysia and Hong Kong. The company is a leading electronics design and 
ODM/OEM and contract manufacturer. With its excellent manufacturing facilities, COM1 
offers a one-stop service from product conceptualization to final mass production. 
 
Incremental innovation  
In 2007, COM1 had launched about 16-25 incremental innovative products, which included 
5-15 ADSL and networking products, with approximately 3 Voice Com products and 8-10 
multimedia products. Due to no product marketing information within the R&D department, 
the respondent could not provide the exact number of products launched. The purpose of 
conducting incremental innovations within the company was to keep good sales and reduce 
cost in order to maintain appropriate profit.  
  Datacom-ADSL (as show in the Table CS1-1 below) was identified as an example to 
demonstrate the incremental product development process within the company. This product 
was launched to the current market and consisted of four features: new product form, 
additional product functions, upgrading technologies and new technologies (e.g. Printed 
Circuit Boards in the hardware)  
Table CS1-1 Information of product Datacom-ADSL       Source: http://www.aztech.com 







Current  generation 
(Datacom-ADSL) 
The current generation product is an ADSL2+ 
Ethernet USB router, which targets at the 
residential users. It is for both single user using 
Bridge mode with host based PPPoE Client and 
multi-users utilizing the ADSL2+ Ethernet USB 
Router inbuilt PPPoE/A, IP routing, NAT 
functionality to share the ADSL link. 
Figure CS1-1 illustrates the product innovation process based on the interview data. In the 
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initial stage, the marketing department will first review the marketing position of the product. 
During the forecast stage, a market assessment on the competitors will be carried out before 
deciding on the development of new technologies and refinement of design directions. New 
design, ideas or concepts will be generated during the concept model stage. The concepts will 
be evaluated and an iterative process will be undertaken for further development. “The ‘No 
Go’ concepts will be reserved for further development because the current technologies 
cannot support it or the current market may not accept such new ideas yet.” In the product 
development phase, some additional requirements will be proposed for a more desirable 
outcome. Modifications “such as adding buttons, changing colors are often happening during 
the actual development process.” 
 
Figure CS1-1 Incremental innovation process of COM1           
 
The product development process is usually concurrent and iterative. “Design and 
engineering proceed together, iteration often happens when problems occurs in the 
development phase.” Industrial designers often participate in the forecast stage, concept 
model stage and development stage. Concept generation, styling, usability and user interface 
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(UI) are the main design inputs from the industrial designers. In addition, design coordination 
is often required during the engineering and manufacturing stage. “Customers have many 
additional requirements to modifying some parts of the product even in the manufacturing 
process; it needs designers to redesign the details and assist the engineers to accomplish it.” 
During these stages, there are no collaborations or partnerships with other companies or 
institutions. The respondent attributes the work processes to the company’s business and 
management decision.  
 
Radical innovation  
In 2007, COM1 launched 1-5 radical innovative products. The main purpose of radical 
innovations is to gain new revenue, create new market sectors, boost the company image and 
add brand value to the company. 
  A wireless multimedia streamer, WL850MS (Table CS1-2), was identified as the 
representative radical innovation product to illustrate its innovation process. The wireless 
multimedia streamer contains five characteristics: new product form, new product functions, 
new technologies, new material applications and appropriate usability. Although this product 
is radically innovative, it is launched for the current market. 
 
Table CS1-2 Information of product wireless multimedia streamer, WL850MS  
Source: http://www.aztech.com 
Product photo Product information 
 
WL850MS is the latest high-performance networking 
product specifically targeted at media-tech users. The 
product answers the common call to provide a simple 
means to transfer or stream digital videos over a 
wireless network without lag noise while maintaining 
the best quality. 
 
The development process of this project is outlined in the following Figure CS1-2. It 
comprises of three phases: research and exploration, concept development and production.  
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Figure CS1-2 Radical innovation process of COM1        
    
The research and exploration phase was time-consuming and the actual operation, normally 
called “fuzzy front end” was difficult to describe in a concise manner. It required designers, 
technicians, marketing, users, and managers to participate and discuss with each other. In this 
phase, creativity was very important to explore the new possibilities. In the concept 
development phase, ID, hardware, fine ware and software were developed concurrently. 
Coordination was vital during this phase to ensure that the project was developed in precise 
and stringent manner. The production phase consisted of two parts: technical development and 
manufacturing. Designers often involved assisting the works of engineering. 
This process was running concurrently and iteratively. The role of ID in the radical innovation 
process mainly focused on concept generation, styling and coordination with other 
departments. Thus, designers would require excellent abilities related to creativity and 
exceptional observation skills, as well as in-depth insight about product usability to optimize 
the final design. 
   Similar to incremental innovation, there were no reports about any collaborations or 
partnerships involved in this radical innovation process.  
To sum up, both the processes of these two types of innovation are affected by the 
environmental factors such as the business atmosphere. The actual process may be more 
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complex compared to an ideal process due to unforeseen factors. However, some differences 
do exist between incremental innovation and radical innovation. Including: 
1) The product development process differs from each other.  
2) For incremental innovation, knowledge of product engineering such as moulding 
technologies, material finishing, and mechanical structure, etc .is required rather than 
creativity. For radical innovation, creative ability is more important. In addition, 
research abilities, observation and coordination skills are required in the early stage of 
product development. 
 
Interview information  
The interview took place in June 13, 2008 at coffee shop in Paya Lebar, Singapore. The 
duration of the interview was nearly one hour. One senior industrial designer was asked to 
























Case study 2 
Company information 
COM2, listed on the Singapore Stock Exchange, is a global leader in healthy lifestyle products. 
It has over 25 years of experience in developing innovative and reliable healthy lifestyle 
products, which cover four areas of focus, namely: Health, Hygiene, Nutrition and Fitness. Its 
product range includes massage chairs, air purifier, health supplements and treadmills etc. To 
date, COM2’s network covers more than 360 cities over 28 countries in Asia, Australia, Africa, 
the Middle East, United Kingdom and North America. 
 
Incremental innovation  
Incremental innovation is called “time to market”, while radical innovation is named as “time 
to innovation”, which implies that the incremental innovation is market oriented and the 
radical innovation is creativity oriented. The product development team mainly focuses on 
incremental innovation. If there is enough time, radical innovation then will be scheduled to 
be explored by the team. 
In 2007, R&D department of COM2 had launched 5-10 incremental innovative products. As 
the respondent’s department do not have the relevant sales records, he is unable to provide the 
actual figures. In COM2, the aim of launching the incremental innovative product is to reduce 
the cost and enable faster launch dates in order to gain market share. 
  Massage chair-UYOYO (Table CS2-1) was identified as a typical incremental product to 
illustrate the product innovation process. UYOYO detaches the functions of footrest massage 
into a separate unit and adds a “shake” programme for exercise usage. Its new features 
include a new product form, new product functions and new technologies. This product leans 





Table CS2-1 Information of product Massage chair-UYOYO   
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Source: http://www.osim.com/SG/ 
Product photo Product information 
 
Previous generation 
(NORO Harmony NR75) 
Current generation 
(UYOYO) 
Uyoyo combines massage and exercise function to 
provide a deep and firm hybrid massage using a 
4-roller system, vibration on the upper body and 
airbags on the back, seat and footrest unit. This 
product embodies three new Technologies: Air 
Pressure Roller Protrusion, "Human Touch" Massage 
Rollers, and Acupressure Point Detection. 
 
The development process (Figure CS2-1) begins from a current existing model (NORO 
Harmony NR75). In the assessment phase, the current product will be reassessed to see 
whether adding or reducing of functions is necessary, together with the evaluation of product 
usability and marketing feedback. Based on this assessment, product concepts or ideas will be 
developed. The management will then decide “GO” or “NO GO” for this project. If “No Go”, 
development team will continue to hunt for new ideas or solutions. For the GO solutions, 
engineering and ID will further develop them hand in hand. For the engineering team, the 
main aspects of their involvement are technical specifications and mechanical solutions. 
Meanwhile for the ID team, it can be divided into two parts: product design and usability. 
Product design mainly involves form and styling design; usability is to evaluate how products 
are being used. In this phase, there is frequent communication on the topics of engineering, 
product design and usability. The next phase is the “break board” (nomenclature of one 
development phase in COM2) for prototype and testing. It also includes two parts: prototype1 
(function & usability) and prototype2 (aesthetic). “Prototype1 less focuses on aesthetic, but 
more on mechanical, functional usability, just improve that, to see whether safe to use, or even 
reliable. Then do the prototype 2 for the form design, normally fill sponge to mold how the 
product looks like. After that, there is a presentation to decide GO or NO GO. If GO, it will be 
directed to factory.” In the development phase, the factory will serve as production partner to 
produce a real product prototype to fix minor problems and adjust some details. After that is 




Figure CS2-1 Incremental innovation process of COM2     
       
The product development process is running more concurrently and less iteratively. 
Concurrent process often occurs in the engineering and ID phase, while iterative process 
happens in the “Go or No Go” phase. Regarding the design involvement, the respondent 
points out: “actually, design participates in all the phases. Originally, assessment rarely has 
design involvement, currently design do more or less user research in this phase. In the GO or 
NO GO phase, every department has a representative to do a presentation, including design. 
However, design mainly contributes in the ID and break board phase.”  The impact of design 
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mainly is on product styling, prototype, user research, and coordination with other relevant 
personnel. Within this product development process, all the tasks are completed by the 
internal teams without any collaboration or partnership. Any form of collaboration or 
partnership would only involve consultation. 
 
Radical innovation  
In 2007, 1-2 radical innovative products had been developed within COM2. The purpose of 
radical innovation is for COM2 to strive to become the market leader, as well as to add brand 
value. “If you mention something about massage in Hong Kong, they will tell you OSIM, 
because OSIM is the top brand there. As a market leader, the importance is to defend the 
imitations from China. You should go ahead fast.” 
  Uspace massage chair (Table CS2-2) was identified to illustrate the radical innovation 
process. “Uspace massage chair is much beyond the current product in the technologies and 
design semantics. It’s like an egg shell. For function, the competitor’s products at best have 
music function; the Uspace not only has music, but lighting. It’s the new technology. For 
target market, Uspace seems like a SPA with music, light and massage.” This product has 
introduced a new product form, new product functions, new technologies, appropriate 
usability, and a new market.  
 
Table CS2-2 Information of product Uspace massage chair  
Source: http://www.osim.com/SG/ 
Product photo Product information 
 
Uspace has 5 distinct combinations of clinically proven 
Mood Light, Synchronized Music and Massage 
Programmes. It enables user to live well by helping to 
relax, sleep, recharge, harmonize and massage well. 
 
For the development process, the respondent indicates that it share the same process as 
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incremental innovation with only the initial phase different. “It starts from management work 
shop, four categories involves: ID, PD (Product development team), Engineer, Branding. The 
next is the brainstorm to generate a lot of ideas, then shortlist a few ideas to management. If 
ideas pass, then continue to assessment.” This phase is initiated by ID or engineering team. 
Everyone on the teams can propose their own ideas. “If engineers can not draw out ideas, 
designers will assist them to present.” Therefore, this phase is much concurrent and involves a 
lot of relevant people. However, there is still no report of any collaboration or partnership 
occurred during this development process. 
 
Figure CS2-2 Radical innovation process of COM2           
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The following are some notes on the differences between incremental and radical innovation: 
“For incremental, we call TTM (time to market), has not so much time to play around, to 
explore. 
However, for radical, we need time to think. It depends on time.” 
“For radical innovation, in previous time, it is fuzzy front end, now much better. We should 
control it less fuzzy .because previously projects are product focus, currently it is user focus.” 
For design involvement, “let’s say incremental, design plays more on aesthetic form, less on 
usability. Actually, it’s to solve the usability problems. Because incremental is OEM products 
with a little changes, the main job is to fix the occurred problem. For radical, design plays on 
user research in fuzzy front end to determine the use problem first.” 
In addition, radical innovation needs more room for creativity than incremental innovation. 
Design coordination is necessary in the development process. 
 
Interview information  
The interview took place in June 27, 2008 at OSIM Headquarter, Singapore. The duration of 





















Case study 3 
Company information 
COM3 is one of the premier manufacturers of high quality audio/video and multimedia 
equipment. It is a leader in the “design-driven” category of audio and home theater systems 
and had received several Consumer Electronics Association Innovation Awards in 2000, 2001 
and 2002. Levering on its research and development in electromagnetism, magnetic recording, 
acoustics and communications, COM3 continues to introduce cutting-edge products that are 
widely available throughout the United States and Canada, as well as throughout the world.  
 
Incremental innovation  
In 2007, COM3 launched 5-10 incremental innovative products.  The importance of those 
products is to ensure a return of cash flow and increase profit margins. 
LUMI (see Table CS3-1) was identified as the example of incremental innovation. Compared 
to the product from previous generations, it does not have any changes in the product form; 
instead it only encompass updated technologies (e.g. superior color accuracy), adopts some 
new technologies (e.g. color display) and improves usability. The product was designed for 
the current market. 
 
Table CS3-1 Information of product display LUMI                       
Source: http://www.nakamichi.com/home.html 
Product photo Product information 
 
Previous generation(LUMI) Current generation(LUMI) 
LUMI’s screen panel equips the richness of 
the black lacquer piano finish. It can 
seamlessly connect to numerous multimedia 
devices with the HDMI and DVI and 
support highest quality computer display. 
LUMI also provides optimal viewing angle 
of over 160 degrees horizontally and 
vertically. 
 
The product development process (Figure CS3-1) comprises of four phases: research, 
definition, design, execution. The research mainly focuses on target market, scenario and user 
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studies. “Define is like that, we define specification, product angle, market requirements and 
design language. Actually, design leads this stage and gathers the information from all the 
department.” The design phase is the actual design such as sketching, 2D-3D model. The 
execution phase is about engineering and manufacturing. 
 
Figure CS3-1 Incremental innovation process of COM3           
 
The product development process is iterative and design is involved in all the phases. “Design 
supports all the process, covering research, usability, UI, user experience and packaging.” 
The main role of design during the process is to ensure that the design intent is maintained.  
In addition, COM 3 seeks to collaborate with external partners in the technology and 






Radical innovation  
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In 2007, 1-2 radical innovative products were developed within COM3. The importance of 
radical innovation is to explore new directions for the brand. “Making money is not necessary 
for radical innovation; it is to build the brand image.” 
Phoenix electrostatic speaker (Table CS3-2) was identified as an example of radical 
innovation. It contains five main characteristics：new product forms, new product functions, 
new technologies (e.g. vibrating diaphragms), new material applications and appropriate 
usability. Although this speaker has not been launched yet, the target focuses on new market.  
 
Table CS3-2 Information of product Phoenix electrostatic speaker 
Source: http://www.nakamichi.com/home.html 
Product photo Product information 
 
Phoenix electrostatic speaker makes music by vibrating 
diaphragms between oppositely charged plates. It has 
widened the optimal listening area by shaping the plates 
in its Phoenix speakers like teardrops. Each speaker has 
an integrated dual-cone subwoofer in order to bump up 
the bass. The two drivers move opposite to each other, 
cancelling out errant vibrations that would color the 
sound. 
 
For the development process (Figure CS3-2), it shares the same process as incremental 
innovation. However, the actual content is different. “The process is the same, but different 
emphasis. For radical innovation, we do more research and more definition. The initial 
phases are often fuzzy. The process is iterative as well, and design involves all phases.” For 
the role of design, it is also to ensure the design intent is maintaining all through the phases. 
For radical innovation, there is collaboration in the fields of technology and manufacturing. 
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Figure CS3-2 Radical innovation process of COM3        
    
Below are some supplements about incremental innovation and radical innovation are for a 
better understanding of both processes: 
“Incremental and radical have the same process, but different content and emphasis. Radical 
is expensive and risky.” 
“Design is strategic for both incremental and radical innovation. Because for incremental, 
design should consider what is the right thing to do and ensure what you put in should be 
correct. For radical, design should figure out what the right direction should be.” 
 
Interview information  
The interview took place in June 24, 2008 in the meeting room of Nakamichi office, 
Singapore. The duration of the interview was nearly half an hour. The senior design manager 





                             Case study 4 
Company information 
COM4, with one branch located in Singapore, is a global leader in healthcare, lighting and 
consumer lifestyle. It employs approximately 134,200 employees in more than 60 countries 
worldwide and holds 60,000 registered patents. It delivers people-centric, innovative products, 
services and solutions with its brand promise "sense and simplicity". 
 
Incremental innovation  
In 2007, COM4’s Singaporean Branch has launched approximately 100 incremental 
innovative products. Due to the sheer quantity of product industries in COM4, the respondent 
can only provide an approximate number. The importance of incremental innovation is to 
maintain the profit margin and market share. 
  The respondent provides Remote Control-Riva Wheel (Table CS4-1) as the example for 
incremental innovation. This project is so-called “$1feature”, because development and 
product cost is a major concern for the group. As the product is developed based on the 
current platform, it mainly shares the old body, only adopts some new product functions, new 
technologies (e.g. induction technology in Riva wheel), and is launched for the current 
market.  
 
Table CS4-1 Information of product Remote Control-Riva Wheel          
Source: http://www.usa.philips.com/index.page  
Product photo Product information 
 
Previous generation  
Universal remote control  
 
Current generation Riva 
Wheel remote control 
It is particularly easy to use with one remote for TV, 
VCR, SAT, DVD, Tuner, CD, AMP and Receiver. Icon 
design allows you to customize programming by user 
or by viewing category. It contains extensive infrared 
code database for most devices and brands, and no 
manual needed for set up. 
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The innovation process (Figure CS4-1) is initialized from the setting scene phase. “This phase 
defines parameters, such as $1 feature. Then we will do a workshop, involving stakeholders.” 
After the workshop, concept enrichment & validation and technology scouting will happen 
concurrently. “Then they come together, we call milestone, actually, it is the stage gate to meet 
all the stakeholders to decide GO/NO GO. The stakeholders are mainly the business owners, 
project managers, product managers, consumer marketing and so on.” The next stage is proof 
of concept. It involves customer validation and feedback gathering. In addition, sourcing of 
vendors will also be concurrently occurring during the concept proof stage. The final phase is 
the actual development (production) which includes engineering and manufacturing.  
 
Figure CS4-1 Incremental innovation process of COM4          
 
The respondent indicated that whether the process is concurrent or iterative depends on the 
projects. For this project, concept enrichment & validation and technology scouting are 
carried out concurrently. For design involvement, ID plays the leader role in the concept 
enrichment & validation phase and proof of concept phase, but for other phases, such as 
setting scene, workshop, consumer validation and actual development, ID mainly serves as 
one of the participants to support the process as a whole. The impact of design is mostly on 
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concept generation, visualization and design execution. “The impacts depend on the design’s 
role, executing design or supporting the process.” 
For project collaboration, the respondent points out that it too depends on projects, for Riva 
Wheel, no collaboration or partnership was recorded. 
 
Radical innovation  
In 2007, COM4’s Singaporean Branch undertook 15-30 radical innovative products. “We have 
a lot of radical innovative products or projects, but not top sale, even some projects will be 
stop before launching.” The most important role of radical innovation is for the positioning of 
the brand and to explore new potential market. “We have many radical products, but a lot of 
them are not very successful products. We always try to push the frontiers.” 
  The respondent selected Living Colors (Table CS4-2) as the example for radical innovative 
product. The purpose of this product is to consider how LED technology can be applied in 
environment of our daily life. New product form, new product function, updated technologies, 
appropriate usability with the target market as the current one was shown for this product. 
 
Table CS4-2 Information of product Living Colors 
Source: http://www.usa.philips.com/index.page  
Product photo Product information 
 
The living colors lamp, exclusively designed for 
interior use, contains 4 LEDs (two red, one blue, one 
green.), and can produce a total of 16 million different 
color combinations for user to experience the living 
colors.  This living color lamp has a highly distinctive 
appearance with tough transparent surround. 
 
For the development process (Figure CS4-2), the respondent indicated that it was fuzzy front 
end. “It’s difficult to describe. Many people involve in the initial of the process, users, 
designers and business managers. It is not the step-by-step process. They overlap a lot.”  
This process consists of two parts: fuzzy front end and the actual development phase. Fuzzy 
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front end mainly contains resource flow, demonstrator, validation and enrichment. 
 
Figure CS4-2 Radical innovation process of COM4          
 
As the respondent points out, this process is more concurrent and iterative than incremental 
innovation process. However, the impact of design in radical innovation still remains the same 
as for incremental innovation. The respondent further emphasize that everyone has an equal 
impact throughout the whole process. For the issues of collaboration, it is very much based on 
the nature of projects. 
The respondent further provides some notes about incremental innovation and radical 
innovation. 
“Incremental is cash cow, it is for basic income. Radical is to set the limits and push the 
frontier. Often radical innovation in our company is called incubator.  If the project doesn’t 
suit the business direction, we will reserve it and groom it until the right time to sell.” 
 
Interview information  
The interview took place in May 22, 2008 in the Inno-hub of Philips. The duration of the 
interview was nearly fifty minutes. One senior industrial designer was interviewed.  
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Case study 5 
Company information 
COM5, with one branch located in Singapore, is a global communications leader with a 
portfolio of technologies, technological solutions and services, including wireless handsets, 
wireless accessories, digital entertainment devices, wireless access systems, voice and data 
communications systems, and enterprise mobility solutions. It has been at the forefront of 
communication inventions and innovations for nearly 80 years. In 2007, the net sale is U.S. 
$36.6 billion in the global market. 
 
Incremental innovation  
In 2007, COM5’s Singapore Branch launched 6-9 incremental innovative products in its 
Government & Public Safety business division. Due to the COM5 having many business areas, 
the respondent is only familiar with her own business area, i.e. Government & Public Safety 
division and could not provide the total number of incremental innovations included in other 
business divisions. In COM5, incremental innovation is to follow up on customer requests 
through rectifying and improving an existing system without extreme changes to gain the 
market share.  
 Two-way radio (Table CS5-1) was identified as the example for a typical incremental 
product to depict the product development process. Compared to the previous generation’s 
product, this two-way radio adopts new product form, updated technologies, new material 








Table CS5-1 Information of product two-way radio         
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Source: http://www.motorola.com/ 






Digital two-way radio 
The ASTRO® XTL™ 1500 digital mobile radio is an 
affordable two-way choice for organizations with 
moderate communication requirements. Built to 
withstand the demanding conditions, the unit is capable 
of resisting dust, blowing rain, vibration, shock and 
many other rough situations. Compliance with Project 
25 ensures a crisp, continuous and high-quality signal. 
The intuitive user interface means less time and money 
devoted to training. 
 
The product development process (Figure CS5-1) initiates from the research phase which is 
based on the current model. The research consists of two parts: user research and market 
research. “Everything that we design is very essential and important to satisfy what the users 
do. Therefore, user research is very necessary. After that, we do the marketing research. It 
looks at the existing competitors.” After the initial research, the next phase is the analysis and 
interpretation of the raw data from the research. The designers then present a design brief. A 
brainstorming session called conceptualization will be undertaken. “From all the 
conceptualization, we, typically, have three design directions, and then we can present them to 
the business team, design manager and other stake holders to decide Go or No Go.” The next 
phase is production including 3D data and engineering. 
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Figure CS5-1 Incremental innovation process of COM5           
 
The product development process is rarely concurrent and could be iterative only if the 
schedule is not affected. “We try not to do concurrent, because engineering always limits our 
design exploration. It’s fantastic for us to do what we like to do. Sometimes the process is 
concurrent, but not very often. For iterative, it occurs only if schedule is not affected. We do 
cycle process as long as we reach the target until the gate time is coming, then we will lock 
down.” 
For design involvement during the development process, the respondent replies that design is 
involved during all the phases from exploration to shipping. The following figure illustrates 
the degree of design involvement.  
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Figure CS5-2 Degree of design involvement in the process          
  
In the development process, the most important role of design will be the planning and 
shaping of the product portfolio of the company. “We look at what products we have now, and 
see what is missing.” Design also identifies potential areas in the research stage. “We do a lot 
of exploration, then report to business team. Therefore, we should look at what customers and 
users need, then in turn feedback to our product portfolio. But of course, business also do the 
same thing, however, they focus on marketing.” In COM5, design is much more than styling 
and aesthetics. “Design is much more than form design; we think what our products impact 
the society, impact us, so we keep users in mind. Our job is to give what user needs, not 
thinking what the products look like so much.” 
For the collaboration and partnership, COM5 seeks external assistance in engineering & 










Radical innovation  
In 2007, the respondent’s division conducted 10-15 radical innovative projects. Most of those 
products are not launched to market and are just utilized to explore the further business 
potential. The respondent further indicates that radical innovation is very important because it 
pushes boundaries for better innovation and show that the company is always 
forward-thinking and with user consideration being the first priority. 
  “Bone conduction headset” (Table CS5-2) is identified as a example to explain its 
development process. Bone conduction is a new technology to improve the quality of sound 
transmission. The following table offers more details about this product. As the respondent 
indicated, this product has six characteristics: new product form, new product function, new 
technologies, new material applications, appropriate usability, and is targeted for the current 
market.  
 
Table CS5-2 Information of product Bone conduction headset         
Source: http://www.motorola.com/ 
Product photo Product information 
 
Bone conduction headset conducts sound to the inner ear 
through the bones of the skull. It amplifies the lower 
frequencies and garners positive reviews on sound quality in 
noisy environment, and most importantly, they represent the 
closest to which most of us will ever get to bionic implants. 
A headset is ergonomically positioned on the temple and 
cheek and the electromechanical transducer, which converts 
electric signals into mechanical vibrations, sends sound to 
the internal ear through the cranial bones. Likewise, a 
microphone can be used to record spoken sounds via bone 
conduction. 
 
For the development process, the respondent points out that the process is similar to those of 
incremental innovation. “The process is the same, but content is different. For incremental 
innovation, we just modify the existing products. But for radical innovation, we are starting 
from nothing, so the initial research is essential. We spend a lot of time.” In comparison with 
incremental innovation, the user and marketing research in radical innovation is extremely 
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Figure CS5-3 Radical innovation process of COM5         
   
In COM5, the radical innovation process is much more iterative because of the sufficient 
timeframe. “When we talk about radical product development, it’s not necessary to have 
schedules to follow. We set the pace to explore the potential. Only if the project has scheduled 
to launch to market or long research wastes a lot of money.” There is design involvement 
during the whole process. “Actually, design involves in all the phase, we try to involve in the 
engineering, involve in the business.” Compared to incremental innovation, design has higher 
level of involvement in every phase of radical innovation. For collaboration and partnership, 
COM5 seeks external design consultancies as a supplement to support its product process and 
looks for vendors to provide new material samples. 
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In addition, the respondent provided the differences between incremental innovation and 
radical innovation. 
“The process is similar, but intensity in each phase is different, research and 
conceptualization phase is more important and intensive for radical innovation.”  “For 
incremental, it is for safe revenues, but for radical, it is the on-going research and 
exploration.”  
The role of design in incremental innovation is to answer to the customer requirements, while 
in radical innovation, it is to explore the potential customer needs. It is big difference.  
 
Interview information  
The interview took place in July 15, 2008 at a coffee shop in orchard, Singapore. The duration 
of the interview was nearly one and half an hour. One senior industrial designer was 




















                             Case study 6 
Company information 
With its R&D centre in Singapore, COM6 is a global IT MNC (Multi-National Corporation) 
with a broad range of product categories, including desktop computer systems, servers and 
networking products, mobility products, software and peripherals and enhanced services. Its 
business strategy combines revolutionary direct customer model with new distribution 
channels to reach commercial customers and individual consumers around the world. 
 
Incremental innovation  
In 2007, COM6’s Singapore branch launched 5-10 incremental innovative products. It covers 
several businesses, such as displays, projectors, printers, keyboards, mouse and speakers. The 
purpose of incremental innovation is to refresh its design language and improve product 
systems. In business perspective, incremental innovation is to obtain profit and income.   
The respondent provides one incremental innovation: projector-M209X (TableCS6-1), which 
is lightweight and portable. In comparison with the previous generation, this product improves 
on its form, adds new functions and updates technologies for current market.  
 
Table CS6-1 Information of product projector-M209X     Source: http://www.dell.com  




Current generation  
projector-M209X 
 
M209X projector is an ultra-portable, 
light weight, high-resolution projection 
with maximum brightness of 200 lumens, 
superior color accuracy and flexible 
connectivity options. This HD compatible 
projector can make presentation sizzle. 
 
The product development process (Figure CS6-1) starts from the research phase which is 
based on the research of the existing model. The research is mainly to establish a new product 
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design language, analyze user needs and study competitors. The next phase is the concept 
model stage. Designer plays the leading role and engineers are also involved to support the 
concept development. Refinement phase is to evaluate and modify the concept model through 
usability study. After that, it will be the production phase and the launch of the product.  
 
Figure CS6-1 Incremental innovation process of COM6           
 
The product development process is rarely concurrent and iterative, but overlapped. “For 
incremental innovation, the development schedule is very tight. We try to avoid iterating the 
process.” the respondent indicated design involvement in all the phases. “Depends on what 
role you are playing, if designer is the project leader, you should ensure every phase is moving 
well.” Designers are normally involved in the general research about the form definition, such 
as design language and competitor study. The most critical role of design is PI (product 
identity) design and prototyping. Designer is also the gate keeper during the production phase. 
For collaboration and partnership, COM6 may outsource and look for mechanical and tooling 
supports. “If time is tight, we will ask the external partners to do the concept generation, we 
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just control the guideline for them to follow.” 
Radical innovation  
In 2007, COM6’s Singaporean branch explored 1-2 radical innovative products. Radical 
innovation is used to excite the potential market, capture new business opportunity and set 
up positive brand image. “Different radical products have different strategies, some are for 
high revenue, some are for new market pilot and some others are for exhibition to build 
company image.” 
  The respondent further provides the latest radical innovation project: crystals monitor 
(Table CS6-2) to depict its development process. Crystal monitor wins the best of CES 
innovations awards 2008 due to the big step of innovation. The concept of this product is 
design-oriented without advanced technology.  It contains new products form, updating 
technologies (e.g. 22” HD panel) and new material (ultra-clear tempered glass). The target 
focuses on a new market.  
 
Table CS6-2 Information of product projector-M209X     Source: http://www.dell.com  
Product photo Product information 
 
Crystal monitor wins the best of CES innovations 
awards 2008. It has ultra-clear tempered glass, highly 
polished metal tripod stand, unobtrusive connections, 
capacitive touch controls, integrated webcam, 
microphone and speakers, and a 22” HD panel. It is 
recognized as a innovative consumer electronics 
product. 
 
For the development process (Figure CS6-2), the respondent indicated that the process is 
similar to that of the incremental innovation, including five phases: research, concept model, 
evaluation, production and launch, but the emphasis is very different, especially in the 
research phase. “For incremental, research is simple, while in radical, research is high 
involvement of resource.” “The initial phase is fuzzy, even unknown what the product will 
be.” Due to the product being totally new, the evaluation phase is important. “According to 
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the market research and resource, managers make the decisions to continue this project or not, 
whether it is worthy to invest in this area.” 
 
Figure CS6-2 Radical innovation process of COM6      
      
The radical innovation process is concurrent and iterative. Design is involved in the whole 
process, and its role and impact is similar to that of incremental innovation. For issues on 
collaboration and partnership, COM6 looks for outsource in mechanical engineering and 
electric engineering.  
In addition, the respondent provides differences between incremental innovation and radical 
innovation. 
“Radical innovation and incremental innovation share the same process, but emphasis on 
each stage is different. For incremental, less focus is on initial research stage while radical is 
opposite.”     
For the role and impact of design, incremental innovation emphasizes on consistency of 
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design language, which is essential for the brand identity. Radical innovation emphasizes 
more on user scenarios and product creativity.  
 
Interview information  
The interview took place in August 14, 2008 in Jurong East library, Singapore. The duration 


























Appendix II Questionnaire   
Patterns of the Incremental and Radical Innovation in Singapore Design-Driven 
Enterprises 
Questionnaire number  




Here some theoretical concepts should be clarified. 
Definition: 
z Incremental product innovation: new product changed a little through 
redesigning, modifying, up-dating. 
z Radical product innovation: new products improved revolutionarily compared to 
the previous products or new products never existing in the market before. 
 
Incremental innovation 
1. How many incremental innovative products were launched per year? 
Please indicate  







3.  Please offer one typical product of your company representing the incremental product 
innovation? 
Product name    
 
4.  What characteristics does this product have? (Please tick where appropriated) 
 New product form  
 New product function 





 New technologies  
 New material applications 
 Appropriate usability 
 Current marketing  
 New marketing  





5. Please describe how this project is developed, what the product development process is and 
answer the following questions? 
 






















1. How many radical innovative products were launched per year? 
Please indicate.  
 







3.  Please offer one typical product of your company representing the radical product 
innovation? 
Product name    
 
4.  What characteristics does this product have? (Please tick where appropriated) 
 New product form  
 New product function 
 Updating technologies  




 New material applications 
 Appropriate usability 
 Current marketing  
 New marketing  





5. Please describe how this project is developed, what the product development process is and 
answer the following questions? 
 






















1. Please provide your viewpoints about incremental and radical innovation. (For example: 
the similarity and difference between incremental and radical innovation; innovation 











References of product innovation process:  
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